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PREFACE 

This dissertation reports on an investigation of the glacial 

1andforms and deposits of southwestern Newfound1and that was made between 

1964 and 1968. Those conclusions which rank as original contributions are, 

as fo110ws: 

First,conc1usive evidence was found that the area was not 

glaciated from Labrador by Laurentide iee. The is1and of Newfound1and 

sup~orted its own iee cap at the Wisconsin maximum, an idea which was 

wide1y he1d before 1940. In that year, Flint saw fit to postu1ate that 

Labrador ice had invaded at 1east western Newfound1and, and this has since 

become strong1y entrenched in the 1iterature. 

Second, radiocarbon dates on marine pelecypod and barnac1e she11s 

from southwestern Newfound1and indieate that 1ate-g1aeia1 marine over1ap 

of the present shore1ine began about 13,500 years B.P. in St. George's Bay, 

but was de1ayed unti1 about 12,500 years B.P. in fjords and a10ng steep1y

she1ving open shore1ines farther north. The ear1iest date for this event 

in the area is the ear1iest so far reported from the Canadian Atlantic 

Provinces. 

Third, a reaetivation of the ice margin around St. George's Bay, 

and an iee-front stand at the heads of fjords and a10ng the northern edge 

of the Lewis Hi11s were not regiona11y significant events: local topo

graphie and glacio10giea1 conditions were responsib1e. 

Fourth, in the absence of dated and, in most cases, dateab1e, 

regressiona1 marine horizons, a mode1 of 1and- and sea-1eve1 changes is 

derived from the empirica1 formula of Andrews (1968a). This enab1es a 



date of 13,000 years B.P. to be tentative1y assigned to the St. George's 

Bay readvance, which post-dated the onset of marine over1ap. 

Last1y, the up1ift curve derived for the mode1 a110ws the 

variable ages of marine 1imit features to be taken into account in the re

construction of a regiona1 trend of isostatic warping. This is tentative1y 

shawn to slope up towards the northeast at two feet per mile, and it is 

suggested that the Newfound1and ice cap had a stronger influence on warping 

than Labrador-derived ice, which probab1y 1ay offshore in the Laurentian 

alanne1. 
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PART ONE . 

CHAPTER ONE 

Introduction 

1. THE OBJECTIVES OF THE STUDY AND THE ORGANIZATION OF THE PRESENT WORK 

The present work is an attempt to interpret the 1andforms and 

surficia1 deposits whose genesis was re1ated to a sequence of events that 

occurred during the glaciation of a part of western Newfound1and. By com

parison with areas such as the Great Lakes Basin, the St. Lawrence low1and 

and its borders, and Labrador-Ungava, the is1and of Newfound1and has 

received re1ative1y 1itt1e recent attention from glacia1ists whose milieu 

has been northeastern North America. Quite apart from the 1ack of pub-

1ished regiona1 summaries (but see Prest, 1970, in press), there had never 

even been a meeting of interested people on the is1and, or a field excur

sion to view glacial phenomena, unti1 1969. There are obvious geographi

cal reasons for this which appear va1id unti1 they are app1ied to areas 

SUcl1 as Labrador-Ungava, or even the high Arctic. 

The situation is even more surprising when it is 1earned that 

many of the ear1y prominent glacia1ists at some time either examined or 

wrote about the glacial features of Newfoundland: DeGeer, Fairchild, 

Tyre11, Da1y, Coleman, Flint, and MacC1intoCk each made a contribution. 

Whatever the reasons, the regiona1 aspect of glaciation in 

Newfound1and and the main1and Maritime Provinces was about as we11 known 

in the 1ater part of the 1960's as was that of southern Ontario before 

the publication near1y twenty years before of Chapman and Putnam's 
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seventeen-year study. During the 1960's the investigation of glacial 

features in southeastern Canada intensified and produced several locally 

important results. At the present time, these are being drawn together 

to produce a regional summary that will stand beside those from other 

regions in terms of its scientific validity (Prest, 1970, in press). 

2 

Within the Canadian Atlantic region, the island of Newfoundland 

occupies an important position for studies of glaciation. As part of a 

bold easterly salient of the North American continental margin, situated 

southeast of a major centre of ice outflow, it is there that'evidence can 

be found of the southeasterly extent of the Laurentide ice sheet at the 

glacial maximum. Also, since the island has summits over 2,000 feet high 

along its western margin, and a large part of its area stands above 1,000 

feet, it might be expected that it supported an. ice cap which was 

glaciologically independent of the Laurentide ice cap at some stage during 

the Pleistocene. Further, since the island occupies a maritime position, 

close to the southern limit of glaciation, it is along its shores that 

evidence of the earliest stages of postglacial marine overlap can be sought. 
Lastly, because of this distal situation with respect to an ice sheet, 

Newfoundland should bear evidence of the outer limits of glacio-isostatic 
depression of the crust. 

AlI of these topics have been investigated in Newfoundland in a 
somewhat piecemeal fashion since the late nineteenth century but, to date, 
no comprehensive island-wide picture has emerged. This study, therefore, 

may be viewed as an extension across the wide Gulf of St. Lawrence of 

recent work on the mainland of Atlantic Canada. In the latter area, the 
relative importance of Laurentide and local ice covers has recently 

i*F' iLW44MM' p 



received detailed attention (Prest and Grant, 1969). Those authors have 

also drawn together the evidence of the temporal and spatial progression 
of late-glacial marine overlap in the Gulf of St. La~Yrence and Bay of 

Fundy. These two topics are central to the presen~ study in southwestern 

Newfoundland. 

The approach that is adopted herein May be called II traditional," 

in the sense that an historical reconstruction of glacial events is 

attempted. The content May be called IIhistorical geology, Il since uni

formitarian principles are applied to the reconstruction of past events. 

But the end in view is "geographical" in the broad sense of the word, 

since the present surface of the land is that which l am seeking to ex

plain. ~Umy kinds of evidence are brought to bear on the reconstruction; 

from the disciplines of solid-earth physics, glaciology, sedimentology, 

geomorphology, climatology, hydrology, palaeontology, and geochemistry. 

While a geographer is no better qualified to make an integrative inter

pretation of the disparate threads of evidence than workers in other fields 

under the Quatemary lIumbrella," it is of the essence of his viewpoint that 

he should be so concerned. 

The dissertation has been organized into two parts. The first 

deals with the regional geologic and physiographic framework; an overview 

of previous investigations of glaciation in Newfoundland; and a treatment 

of those aspects of glacial erosion ~Yhich are of significance to this 

study. The second part, comprising the main body of the work, is a treat

ment of the events with which the origins of the surficial deposits and 

landforms were associated. 

3 



2. THE GEOGRAPHICAL SETTING OF SOUTHWESTERN NEWFOUNDLAND 

The location of the study area on the island of Newfoundland is 

shown in figure one. In aIl, the study area, shown in more detail in Plate 

l, ex tends over roughly 3,500 square miles. Investigations were con

ceutrated around the shores of St. George's and Port au Port Bays and as 

far inland as routes of access and terrain conditions a11owed. The study 

does not include that part of southwestern Newfoundland which lies south 

of St. George's Bay. That area, particularly the lowland occupied by the 

Godroy river valley, is of great interest, but the interest aroused by my 

studies further north came too 1ate for me to extend the field area to the 

south. 

As the investigations in St. George's and Port au Port Bays 

progressed, the importance of the phase of marine overlap came to be 

recognized, so the study area was extended to the north. The coast1ine 

between Port au Port Bay and the Bay of Islands, the latter bay itself, 

and the Bonne Bay region were included for the purpose of gathering evi

dence of marine over1ap over a wider area. 

The high plateaus and their steep margins were the subject of an 

earlier study (Brookes, 1964), in which an interest in the effects of 

glaciation in Newfoundland was first aroused. Evidence of relatively la te 
glacial features, and the significance to this study of the nature of the 

bedrock t-1hich underlies the highlands, inevitably drew me to the latter 

from the 1m-11and areas. 

Southwestern Newfound1and possesses a greater variety of glacial 
features than any other part of the island. EIs~-1here, the glacierization 

4 
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of plateaus of low to moderate relief has provided little to inspire the 

glacialist. Even other coasts which were affected by late-glacial marine 

overlap rarely bear evidence of other events. In southwestern Newfound

land, however, the St. George's Bay lowland is covered by a sheet of 

glacial deposits which generally thickens seawards from the steep edges 

of high plateaus. These deposits are excellently exposed to view in 

coastal cliffs which are being actively eroded, and they are varied enough 

to indicate several glacial events. Shorelines cut in bedrock are wide

spread around the Port au Port Peninsula, and along the open shores, and in 

the fjord bays further north. These littorals are lightly mantled with 

glacial deposits found in St. George's Bay, so that intra-regional correla

tions can b e made. 

The study area is also weIl endot"ed with access routes. Most of 

it is within easy reach of a paved or gravel road. Only in one area, 

between Port au Port Bay and the Bay of Islands, is it necessary to resort 

to water transportation and this is easily available at low cost from 

local fishermen. Settlements of varied size are never out of sight along 

the coastline. Inland, however, there are practically none. Along the 

Trans-Canada Highway through the area, there is not a single permanent 

dwelling between the point where it enters the St. George's Bay lowland 

and Corner Brook, a distance of nearly 100 miles. Inland of Corner Brook, 

small settlements occur along the highway in the Humber valley, close to 

the only centres of employment in Corner Brook, and in Deer Lake, 30 miles 

away. 

Terrain and climatic conditions are not difficult in those parts 

of the area where the phenomena of interest occur. There is good walking 

6 



along the beaches and through cleared land close to the coastline. Many 

shallow, boulder-strewn river channels and dry-weather logging roads offer 

easy access to deposits exposed further inland. 

Summer weather on the west coast of the island is very different 

from that on the east coast. The difference is due to the warmth of the 

relatively shallow Gulf of St. Lawrence coastal waters compared to those 

which are part of the cold Labrador current which maintains small icebergs 

in east coast coves as far south as St. John's until late June. Some snow 

patches remain through?ut the summer in sheltered sites in the western 

mountains, but this is more because of heavy winter snowfall than low 

summer temperatures. Many days in June, July, and August are sunny, with 

temperatures of 60-70oF, and Corner Brook has a July mean monthly maximum 

of 880 F (Hare, 1952). Rains are more common in the latter part of August 

and are associated with the intense cyclonic disturbances which develop 

from tropical hurricanes that originate in the southeastern United States. 

3. BEDROCK GEOLOGY AND PHYSIOGRAPHY 

Southwestern Newfoundland is conveniently divisible into three 

major provinces on the basis of tectonic criteria. Within these provinces, 

subdivisions can be made according to rock type and physiography. It is 

the purpose of this section to provide brief illustrated descriptions of 

these regions as a background to the study of glacial features. Plate II 

is a simplified geological map of the area, and Plate III shows physio

graphic subc!i..,isions. Both these plates should be to hand in reading this 

section. 
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a. The Grenville Province 

The highlands of the Great Northern Peninsula of Newfoundland 

are built of acid metamorphic rocks, with major intrusions of acid igneous 

bodies and minor ones of basic composition. These rocks form a roughly 

rectangular "inlier" which has been assigned to a Grenvillian age (Clifford 

and Baird, 1962) on the basis of radiometric age determinations which 

cluster around 1,000 million yeara B.P. 

The Long Range Mountains of the peninsula are bounded on the 

west by a fault-line scarp that rises from the back of a coastal plain, 

underlain by steeply inclined lower Palaeozoic sediments, at about 500 

feet, to an upland at 2,000-2,500 feet. The steep scarp is notched by 

steep-sided canyons that are glacially overdeepened preglacial stream 

valleys. Lakes, such as Western Brook Pond (figure two) and St. PauI's 

Inlet, are near sea leve1, and the canyons could be called true fjords 

if sea 1evel was about 50 feet higher than present. 

From the top of the escarpment, at 2,000 feet, the land surface 

rises gently inland to a line of broad, level summits at 2,500 feet in a 

series of relatively narrow planation surfaces. Gros Morne, whose summit 

at 2,651 feet is the second highest on the island, is typical of these 

highest surfaces (figure three). The surface of the Long Range Mountains 

slopes gradual1y eastwards in a series of wide planation surfaces to the 

shores of White Bay. There, cliffs up to 1,000 feet high border the 

Atlantic Ocean along another fault-1ine scarp, parallel to that which 

bounds the Grenville rocks to the west of the block. 

Before glaciation, major rivers drained eastwards and westwards 

from a divide marked by low saddles between the 2,500-foot summits close 



Figure 2:, Western Brook Pond: a fjord valley eut 
into the glaeiated upland of the Long Range 
MOuntains of the Great Northern Peninsula of New
foundland. Cliffs are 2,500 feet high. 

Figure 3: The fjord of Bonne Bay from the Trout 
River road, viewed towards the north. Level skyline 
summit is Gros MOrne, 2,651 feet, seéond highest in 
Newfoundland. 
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Figure 2: Western Brook Pond: a fjord valley cut 
into the glaciated up1and of the Long Range 
Mountains of the Great Northern Peninsu1a of New
found1and. C1iffs are 2,500 feet high. 

Figure 3: The fjord of Bonne Bay from the Trout 
River road, viewed towards the north. Leve1 sky1ine 
summit is Gros Morne, 2,651 feet, second highest in 
Newfound1and. 
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to the western front of the block. On the gent 1er eastern slope, river 

basins such as that of the upper Humer and the Main River were dendriti

cally organized. Glaciation has had the effect of deepening the western 

valleys cutting the scarp and of shifting the preglacial drainage divide 

10 

to the eas t of those sadd1es. On the eastern slope, the land surféit:e has 

been glacially eroded to form a rock-knob topography, with the a,~centuation 

of structural weaknesses, particularly faults, in the metamorphic rocks, 

so that the terrain has taken on the typical glaciated shield aspect. 

Drainage systems are still organized in well-defined basins, but the pat

tern has become more angulate. 

b. The Taconic Province 

The Taconic Province is the most extensive and most varied of the 

geologic-physiographic regions in western Newfoundland. It has many of 

the characteristics of a complex orogenie zone and each region within it 

will be dealt with in the order of its dominance in the landscape. 

1. The Long Range Igneous and Metamorphic Complexe The Long Range 

Mountains of western Newfound1and, excluding those of the Great Northem 

Peninsula, are built of a complex of igneous and high-grade metamorphic 

rocks, mostly of acid composition. These represent a zone of intense 

orogenesis during the mid-Ordovician period (Riley, 1962). Gneisses and 

granite-gneisses, with large granitic intrusions, comprise the bulk of the 

rocks outcropping. 

The western front of the mountains is marked by a fault-line 

scarp developed on a Taconic lineament that was strongly reactivated in 

the Appalachian period of earth movements of Carbo-Permian age. The scarp 
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is not so high as that of the Great Northern Peninsula, although it is 

developed on a fault that be10ngs to the same system, but its physiographic 

expression is no less impressive (figure four). It, too, has been gouged 

by glaciated canyons, particularly on the east side of the Codroy Valley, 

outside the area of this study. East of St. George's Bay, the mountain 

front stands up to 15 miles from the shoreline and is cut by the valleys 

of major rivers which drain the plateau surfaces to the east into the 

Gulf of St. Lawrence. These rivers have dissected the scarp and their 

valleys" have been glacially modified (figure five), so that the escarpment 

appears only as a series of spurs projecting into the sedimentary lowland 

to the west. 

The surface of the Long Range Mountains here is s1milar to that 

of those mountains in the northern part of the island. Although the rocks 

are half a billion"years younger, the lithology is similar and both pre

glacial and glacial larld-forming processes have been the same. Preglacial 

planation surfaces slope gently to the east, west and south from a line 

of 2,000-foot summits standing on a subdued plateau at 1,600-1,800 feet. 

Glaciation has etched the surface into the typical shie1d-like terrain of 

rock knobs and intervening boggy are as with myriad lakes. Some large

scale drainage modifications were effected during the glacial period, and 

these will be discussed in Chapter Three. 

ii. The Bay of Islands Mountains. The Bay of Islands Mountains are four 

roughly circular massifs of basic and ultrabasic intrus ive igneous rocks 

with minor outcrops of basic volcanic rocks. The four massifs are, from 

south to north, the Lewis Rills, the Blow me Down (Blomidon) Mountains, 



Figure 4: The fault-line scarp of the Long Range 
Mountains bounding the Codroy Valley on the east, 
viewed towards the northeast from near wreckhouse~ , 

Figure 5 : The, glacial' tr~ugh of Flat Bay Brook, 
east of St. Geo,rge 's, viewed towards the southeast 
from the 950-foot summit of Steel Mountain. 
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Figure 4: The fault-line scarp of the Long Range 
~ountains bounding the Codroy Valley on the east, 
viewed towards the northeast from near Wreckhouse. 

Figure 5: The glacial trough of Flat Bay Brook, 
east of St. George's, vieh'ed tOh'ards tlle southeast 
from the 950-foot sunmlit of Steel i'lountain. 
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the North Arm Mountain - Mt. St. Gregory b1ock, and Table MOuntain, Bonne 

Bay. They are situated close to the western shore of the is1and, and in 

many places steep wa1ls rise out of the sea to the edges of gently rolling 

summit plains at 2,000 feet. The latter rise more gently to the central 

parts of the massifs at near 2,500 feet in a series of stepped planation 

surfaces which radiate out from the highest summits. The steep, often 

fault-bound, margins are deeply gouged by glaciated canyons (figures six 

'and seven), and many glacial cirques notch the upper slopes. 

The rocks which build these masifs are of great significance to 

this study. In particular, the olivine-ri ch dunite that is common to 

each is a valuable indicator of ice-flow directions, since boulders of it 

are found in the earliest glacial deposits in the Port au Port area. 

ii1. The Lower Palaeozoic Sedimentary Terrane. Between the western front 

of the Long Range Mountains, north of St. George's Bay, and the Bay of 

Islands Mountains, lowlands and low dissected plateaus are developed on 

Ordovician carbonate and clastic sedimentary rocks. The grey Table Head 

limestone represents cratonic deposition outside the main Taconic orogenie 

zone. The clastic St. George Group have been interpreted as belonging to 

a vast ''k1ippe'' which, with the igneous bodies of the Bay of Islands 

Mountains, was thrust northwestwards from the central part of the island 

during the Taconic orogeny (Rodgers & Neale, 1963). 

Close to the Long Range Mountain front, between Stephenville and 

Corner Brook, Taconic compression produced thrust slices which are visible 

today in minor west-facing cuestas. Elsewhere in the sedimentary terrane, 

structures are limited to northeast-to-southwest trending normal faults 
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Figure 6: Winterhouse" Brook canyon: a ,glacial valley, 
two miles, 10,ng, eut in dtm.i te rock on the ilorthern 
edge of Table Mountain, Bonne Bay~ , 

Figure 7:, The fau1t-guided~ glacia1,trough of Trout 
River Ponds, viewed 'towards 'thenorthwest. Nearest 
1ake is nine miles long. 
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Figure 6: Winterhouse Brook canyon: a glacial valley, 
two iriles long, cut in dunite rock on the northern 
edge of Table Mountain, Bonne Bay. 

Figure 7: The fault-guided, glacial trough of Trout 
River Ponds, viewed towaràs the northwest. Nearest 
lake is nine miles long. 

'" " .. 
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and low-amplitude folds. These sedimentary rocks are weaker than the 

igneous and metamorphic rocks which border them and many major stream 

courses are developed in lowlands between higher plateaus. The fjord 

valleys of Bonne Bay (fi5Ü~e three) and the Bay of Islands, and the valley 
of Harrys River are major examples of these. 

The land surface of the sedimentary terrane is a dissected 

plateau with low relief near the present shoreline. In the upper reaches 

of river basins, such as that of Harrys River, deeper dissection has given 
rise to a local relief of 500-700 feet, with sma1l areas of undissected 
plateau standing at 1,100 to 1,500 feet above sea level. 

c. The Appalachian Province 

In southwestern Newfoundland, Carboniferous rocks form the 

bedrock between the Long Range Mountain front and the shore of the Gulf of 

St. Lawrence, from the head of St. George's Bay southwestwards to Cape 

Anguille on Cabot Strait. 

Mississippian sandstones,arkoses, and conglomerat es of the 

Anguille Group (Hayes and Johnson, 1938) have been folded into a complex 

northeast-trending anticlinorium in the Cape Anguille Mountains. The edge 
of these rocks, in contact with weaker sediments to the north and east, 

and possibly just offshore, is marked by a steep slope that rises from 

between sea level and 600 ieet on to the relatively smooth surface of the 
mountains at 1,400-1,750 feet. This smooth surface is actua1ly a series 

of planation surfaces that step up from the western and eastern margins of 
the plateau to low residual summits that lie closer to the eastern margine 
From level upland valley heads, streams become progressively more 
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entrenched into the plateau margins unti1 they cascade into the sea on 

the western side, or into the Codroy 10w1and on the eastern side, in deep, 

narrow defi1es (figure eight). 
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The Cape Anguille Mountains push a bo1d nose into a 1awland east 

of St. George's Bay that is under1ain by weaker Carboniferous sediments of 

the Codroy and Barachois Groups. These rocks are a1so predominant1y red

dish sandstones, but they are 1ess we11-conso1idated than those of the 

Anguille Group. They a1so con tain 1ayers of sha1e, coa1, gypsum, rock 

salt, and other evaporites, which render the terrane as a who1e weak with 

respect to erosional agents. Riley (1962) has mapped many fo1ds and faults 

in these rocks that trend southwest to northeast. Dips in the fo1ds are 

steep as is shawn by coasta1 exposures, where beds c01lDl10n1y are near1y 

vertical. Streams draining across this 1aw1and, from the Long Range 

towards the west, owe their present courses to their superposition on to 

a cover of glacial deposits, the thickness of which varies from a few feet 

near the mountain front to over 100 feet a10ng the present coast. 

The 10w1and now occupied by Deer Lake and the middle Humber 

valley, northeast of Corner Brook, is also under1ain by weak Carboniferous 

sediments. In preg1acia1 times a major river rose on a divide along the 

crest of the Long Range near Corner Brook and f1awed to White Bay a10ng 

this low1and. Drainage modifications in glacial times have reversed this 

f10w, which now reaches the Bay of Islands through a breached divide in the 

lower Humber valley. This drainage change and others, will be discussed in 

Chapter Three. 

The geo1ogic and topographie variety of the bedrock areas Cil.." 

southwestern Newfound1and provided a diverse environment in which glacial 



Figure 8: The smooth surface of the Cape Anguille 
Mountains. These val1eys on the westem f1anks 
have been-faint1y modified by glaciation. Distant 
sky1ine of Long Range Mountains. 
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Figure 8: 
.îoun tai ns . 

Tile smooth surface of the Cape imguillc 
These valleys on tlle \-les tern flanl:s 

llavL' :)L'c:n filin tl)' r:1odificu by ~laciation. iJis tan t 
skyli.L1~ of L011~'; l{an~_;l..' .lountalns. 
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processes operated. Plateau surfaces of low relief were both etched by 

moving ice and covered with a thin and discontinuous mantle of irregular 

hummocky debris by stagnating ice. Smooth lowland areas provided paths 

through which piedmont glaciers flowed in late-glacial times. Isolated 

upland areas were the loci of ice masses during the decline of the island 

ice sheet and ice flow radiated from these. Major river valleys following 

structural depressions were overdeepened to form impressive canyons and 

fjords. 

Such a variety of landscapes is atypical of Newfoundland as a 

whole. The common Newfoundland scene - a low "ria" coastline, with a 

rock-strewn land surface rising inland to boggy or forested plateaus of 

moderate elevation and low relief - is nowhere to be found along the 

western shore of the island. One reason is that the shoreline generally 

trends parallel to the strike of the rocks and structures. Another is 
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the great elevation and relief which characterizes the area. The scenic 

beauty arising out of these factors i5 '\tnmatched in the Atlantic Provinces. 



CHAPTER Tl~O 

A Review of Earlier Investigations of 
Glaciation in Newfoundland 

The glaciation of Newfoundland has been investigated by severa! 

of the foremost figures in the field of Quaternary research. Investiga-

tions have focussed on two main problems. The first 1s that of glacier 

flow directions and the rela~ed problem of the relative dominance of an 

island ice cap and ice fram Labrador. The second is that of late- and 

postglacial marine overlap and isostatic uplift. The two are intimately 

related and will be disCU8Sed together in this chapter, which should be 

read with Plates IV and V to band. 

The discussion is divided into two parts; the first dea!ing with 

the "pioneer" period of investigation, and the second with the "modern" 

periode In reviewing works published before 1940, one is struck by the 

scanty evidence upon which the weighty conclusions of authors were based. 

The main reason for this was probably the difficulty of mobility at that 

time in inhospitable and often uninspiring terrain. Before the confedera-

tion of the British overseas territory of Newfound1and with Canada in 1949, 

long-dis tance travel en th.e island was limited to the trans-island railway, 

which passes across some of the dullest terrain in the province, and to 

vessels plying the coasta! waters on a more or less regular basis. The 

lack of accurate large-scale topographic map coverage of the island was 

an additional hindrance before the early 1950's. 

Since confederation in 1949, the entire island has been covered 

by aerial photographic survey and 1:50,000, 1:250,000, 1:500,000, and 1:1 
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million topographie maps have been published. Detailed geologica! survey, 

begun by the pre-confederation Newfoundland government, has proceeded 

rapidly, so that severa! 1:250,000 preliminary and final maps are available. 

Further, the development of forest, mineraI, and water-power resources, 

together with the increasing awareness of the importance of communications 

to economic and social development, has provided a network of paved and 

gravel roads. 

Investigations undertakan since the late 1930's show a growing 

sophistication, with the graduaI lessening of logistical restrictions. 

The refinement of the concepts of continental glaciation, and an increasing 

awareness that the classical glacial sequence, reconstructed in the 

American continental interior in the first three decades of the century, 

could not be applied in far distant areas of the ~ontinent, have provided 

a basis for the elucidation of events in sma1l areas, but to date a compre

hensive picture of Newfoundland glaciation has yet to emerge. 

1. THE "PIONEER" PERIOD: pre-1940 

Th€: work of Bell (1884) was mainly concerned with the mainland 

of Labrador but, from a cursory examination of glacial features, he con

cluded that "on the island of Newfoundland, the glaciation appears to have 

been from the centre towards the sea on all sides" (p. 37DD). DeGeer 

(1892) produced a map of "The Last Changes of Level in Eastern North 

America" which showed isobases on the marine limite Very few accurate 

determinations of marine limit elevations had been made at that time, but 

the map shows a zero isobase with a wide and deep re-entrant up the Gulf 

of St. Lawrence, and a corresponding southeastward bulge around the 
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southern and eastern shores of Newfoundland. The 200-foot isobase is 

roughly parallel, passing eastwards through Anticosti Island and turning 

sharply northwards over central Newfoundland. The trend of these lines 

could be interpreted as evidence either of. a southeastern lobe of Labrador 

ice or of an independent Newfoundland ice mass. 

Chamberlin (1895) viewed the absence of far-travelled erratics 

and the presence of striae displaying a radial pattern on the Avalon Pen-

insula of eastern Newfoundland as evidence for "an extremely local deriva-

tion and a very short transportation of the drift, [and that] glaciation 

of the island was more probably attributable to the development of local 

ice sheets than to an extension of the ice fields of the mainland" (p. 407). 

The map of Fairchild (1918), "Post-Glacial Continental Uplift" 

(his figure l, p. 202), shows a well-defined dome of uplift over Newfound-

land. Though the values on the isobases do not correspond with those of 

neGeer, the southeastward bulges over the island in the zero, lOO-foot, and 

200-foot lines remain. Most of Fairchild' s isobases over Newfound1and 

were hypothetical, with a few segments based on measureè elevations. Some 

of these have subsequently been shawn to be erroneous. For example, Daly's 

(1902) estimation of 575 feet at St. John's was used, but Daly corrected 

this figure in his paper of 1921. In spite of the lack of reliable evi-

dence, Fairchi1d's conclusions are pertinent: 

All available information on the glacial geology of New
foundland favours an independent ice-cap, with radial flaw. 
And when we consider the large area and mountain heights 
of the island; the northern position; exposure to ocean on 
all sides; and location in the paths of the cyclonic storms 
of America, it appears certain that the island was the 
locus of heavy snaw precipitation and a massive ice-cap -
the Newfoundland continental glacier. (p. 229.) 
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J. B. Tyrell, writing of a visit to N~wfoundland in 1917, 

favoured an independent Newfoundland ice cap: 

In Newfoundland the last glaciation, which was very strong, 
was from the center outward both eastward and westward. 
If the glacier from Labrador had ever reached the island, 
evidence of its presence would have been discernible on 
the west coast, but in the short time l was there l was 
not able to find any such evidence. (In Fairchild, 1918, 
pp. 227-228.) 

Daly (1921), after revising a few of the elevations of post-

glacial marine features which he determined in 1902, reached a related 

conclusion: "It is possible that Newfoundland has been faintly domed or 

arched and that the final mapping of the isobases will indicate the 

secondary influence of the independent ice-cap of Newfoundland on the 

character of pos t-glacial warping" (p. 385). 

Glacial striae displaying a radial pattern in Daly's map (see 

Plate V) were used as supporting evidence for the above statement. The 

striae, however, are mainly in coastal valley sites, where topographie 

control of flow would be strong in the later stages of glaciation. They 

say little of the presence of a Newfoundland ice cap at the glacial 

maximum. 

Coleman (1926), following a brief study of glacial features and 

drift provenances on the island, concluded that Newfoundland had supported 

its own ice cap before Wisconsin timel , and that ice flow radiated outwards 

to beyond the present shoreline, covering aIl but the highest summits on 

1. Coleman's assignment of marine deposits in the Bay of Islands 
(Plate 1) to an "interglacial" forced the assignment of underlying tHl 
to pre-Wisconsin time. The marine deposits are now known to be late
glacial in age and hence the underlying till is presumably main Wisconsin. 



the west coast. He believed that the "Wisconsin" [sic] glacial episode 

was multi-centred, and many summits in the central part of the island 

stood above the ice sheet. Coleman' s conclusion that the highest summits 

on the west coast had not been glaciated was supported by Ferna1d (1925), 

who saw those summits as glacial refugia for certain plant species of 

circum-Arctic and Cordi11eran affinities. Much debate has centred around 

the distribution of these plant species in mountain are as in borea1 North 

America and Scandinavia (Wynne-Edwards, 1937; Dahl, 1955) and ear1y con

clusions have been discredited in some areas. The hypothesis is 1inked to 

the more recent "nunatak hypothesis" which cal1s for ice-free summit areas 

in borea1 mountain regions to explain the presence of high-leve1 block

fields. Dahl (1966) and Ives (1966) have recent1y stated opposing views 

on this hypo th es is • 

The wc>rks of Bell, DeGeer, Chamerlin, Daly, Fairchild, Tyrell, 

and Coleman belong to the "pioneer" period of glacial research in New

foundland. The common e1ement in aIl their conclusions is the belief that 

the island of Newfound1and supported its own ice cap at the last glacial 

maximum. No hint of the invasion of Labrador ice is found. 

2. THE "MODERN" PERIOD: post-1940 

In 1940, the Geologica1 Society of America published papers by 

Flint, and by MacC1intock and Twenhofel. This work was the result of in

vestigations carried out in the 1ate-1930's from Princeton and Yale 

universities, which were continuing an association with geological research 

in Newfound1and that existed through the thirties and forties. 

Flint (1940) made a detai1ed investigation of raised marine 
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features along the west coast of Newfoundland and included data from the 

other coasts and from the Maritime Provinces in his general conclusions. 

He recognized a group of "higher marine features" along the west coast 

of the island which were formed when ice from an island outf1ow centre 

wasted inland of the present shore1ine. Many of these features were inter-

preted as having been formed in intimate association with active glacier 

ice. Flint reconstructed tentative isobases on the upper marine features 

and ~he resultant plane rises up towards the north-northwest. The lowest 

isobase is the laa-foot, which passes through the head of St. George' s 

Bay (Plate V), and: "southward projection of this assumed surface would 

carry it down to present sea 1eve1 near Port aux Basques" (p. 1771). The 

absence of raised marine features in the southwest corner of the island 

was attributed to the presence of 1ate ice which delayed marine overlap 

past the time lvhen isostatic rebound was great enough to have elevated 

shore1ine features above the eustatically rising sea. 

Flint tentatively reconstructed a lower tilted sea level plane, 

sloping up in the same direc~ion as the higher one, from a zero isobase 

passing through Stephenvi1le (Plate V) to 250 feet at the northern end of 

the Great Northern Peninsula. Many more features lvere avai1ab1e to assist 

in this reconstruction than the sma11 number of features observed at the 

marine 1imit. Some rock-cut platforms which Flint included on this lower 

"Bay of Islands surface" prompted him to conc1ude that a stil1stand had 

occurred which 1asted for about 5,000 years. A stillstand of simi1ar 

duration was postu1ated to account for shore p1atforms at present sea 1eve1. 

• • • the pronounced northwestward rise of the marine 
features on the lvest coast implies that the former 
glacial mass was thickening toward the northwest. From 



this it may be regarded as likely that at least western 
Newfoundland was invaded by the Labrador ice sheet, 
flowing from the northwest, and that local Newfoundland 
glaciers were not massive enough to Interfere seriously 
wi th the regional crustal influence of the Labrador 
ice. (p. 1775.) 

Since Flint ascribed the glacial event which preceded marine overlap to 

an Island ice-cap stage, it can be int.erpreted that he viewed this as a 

relatively late re-orientation of ice flow directions which had been 

dominated by the invasion of Labrador ice at the glacial maximum. 

The work of MacClintock and Twenhofel (1940) was the first to 

deal with Quaternary stratigraphy in Newfoundland. Their investigation 

was centred on the coastline and hinterland of St. George's Bay, but local 

studies were possible in isolated areas in other parts of the Island. 

They found no evidence of a glaciation prior to the Wisconsin and none to 

support the earlier conclusion that high summi ts had s tood above the ice 

at the glacial maximum. 

In the St. George's Bay area, three Wisconsin lithologic units 
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were recognized and were assigned to three contrasted events in the glacial 

history (figure nine). The lowermost unit comprised till and associated 

ice-contact deposits that had a limited surface exposure, but which were 

well exposed near the base of coastal cliffs. They gave the unit the 

name "St. George's River Drift." Overlying this unit was a sequence of 

marine deposits. The lowest of these were silty clays and clays with 

occasionally abundant marine shells. Delta bottomset and foreset and, in 

places, tops et beds overlay them, often continuing to the top of coastal 

cliffs. lnland of the cliff edge, the level surface of the sediments was 

interpreted as an original glacio-marine delta. This unit was called the 
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"Bay St. George Delta." MacClintock and Twenhofel gave the name "Robinsons 

Head Drift" to a sheet of glacial deposits spread widely over the St. 

George's Bay hinterland. The drift was composed predominantly of ablation 

moraine and i ts outer margin was marked by a prominent kame-and-kettle end 

moraine (Plate IV). This was seen to be eut by coastal cliffs in severa! 

places where stratigraphie relations could be seen between it and under-

lying and adjacent marine sediments. MacClintoCk and Twenhofel, and 

Flint (1940), recognized that the ice which produced the "Robinsons Head 

Drift" moved seawards over a gently shelving sea floor. 

Later episodes in the glacial history of Newfoundland were 

recognized in small, looped end moraines near the mouths of canyons dis-

secting the Long Range Mountain front, and in cirques in these and other 

mountains • 

MacClintock and Twenhofel (1940) reported glacial striae on 

bedroCk ledges in the Port au Port area that were interpreted as recording 

ice movement first from the north and later from the east. The striae were 

associated with the "St. George's River Drift" stage. 

This succession of events would fit weIl within the 
proposaI • • • that Newfoundland was at first affected 
by ice from Labrador and later had its own outward
radiating ice cap. • •• The ice which moved south
ward may have been either Labrador ice or Newfoundland 
ice which, farther north, moved out into the St. 
Lawrence Gulf, there encountered south-moving Labrador 
ice, and was pushed southwards by it. (p. 1753.) 

These speculations on the origin of ice flowing southwards over the Port 

au Port Peninsula attempted to bring into harmony the conclusion of Flint 

(1940), quoted above, with their observation that "striae in most places 

indicate ice radiating outward from Newfoundland" (p. 1750). MacClintock 



and Twenhofel made the following general statement suggesting the sequence 

of events: 

glaciation from Labrador took place at the climax of the 
Wisconsin stage, when ice may weIl have passed not on1y 
over Newfoundland but out to deposit the well-known drift 
of the Grand Banks. • • • As the Labradorian glacier 
waned part of it may have persisted on Newfoundland, 
acquired radial motion as impeding ice melted away from its 
margins, and thus became a local ice-cap whose movement 
would have largely obliterated any earlier striae. (p. 1750.) 

By 1940, then, the earlier concept of a dominant Newfoundland 

ice cap had been replaced by that of overriding Labradorean ice at the 

glacial maximum, followed by a late-glacial highland centre of radial 

outflow. 

Murray (1955), working in the level area of the central plateau 

of Newfoundland, reported striae that he interpreted as due to ice moving 

from north to south towards the south coast of the island. He offered two 

alternative explanations of these. The first deferred to Flint's earlier 

conclusion that Labrador ice had invaded at least western Newfoundland 

(and tentatively extended by MacClintock and Twenhofel to cover the whole 

island). Southward flow over south-central Newfoundland can be envisaged 

as a consequence of this. The second relates the striae to relatively 

late-glacial conditions in which a steeper land surface slope to the south 

from the Annieopsquotch }wuntains caused ice to flow more rapidly in that 

direction. The latter explanation is the more likely one and can be 

supported by the suggestion that late-glacial calving of the ice front into 

marine waters along the south coast of the island would have rapidly 

steepened the slope of the glacier and caused it to flow more rapid1y 

southwards. 
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Jenness (1960) has contributed the only comprehensive work on 

the glaciation of eastern Newfoundland. Plate IV shows the main features 

of glaciation reported in his study. Jenness recognized an "outer drift 

zone" in which deposits are "the products of advancing ice ••• that is 

ground moraine, largely of local origin, • • • end moraines, drift 

ridges, eskers and kames, kame terraces, and large patches of glacial out

wash trending seaward from the margins of the inner drift zone" (p. l68)! 

Only small occurrences of end moraine were identified, 80 it is hazardous 

to draw conclusions from them as to the extent of the ice mass at the time 

of deposition of the "outer drift zone." Jenness stated, however, that 

the ice margin lay offshore in mos t places. 

Separating this "outer drift zone" from an "inner drift zone," 

Jenness traced a discontinuous end moraine (Plate IV) which represented 

either a still-stand in the back-wasting of the ice mass or a readvance 

fram farther inland. At this stand, streams issuing from the ice front 

built outwash valley trains and deltas graded to s. sea level higher than 

present. 

An area of fluted terrain in the "inner drift zone" is worthy of 

discussion in this context (Plate IV). Jenness concluded that this was 

a product of the last of the glacial stages to affect that area; presumably 

the stage at which the end moraine was built. The fluted terrain lies 

astride the height of land north of Fortune Bay, and features on it are 

oriented northwest to southeast on both sides of the height of land. This 

suggests that the ice that produced the flutings was so thick that flow 

from the northwest was not influenced by the land slope on each side of the 

divide. This would seem to militate against the la te-glacial origin for 
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the feature. It is to be expected that in 1ate glacial times ice wou1d be 

thin enough to have had its basal f10w contro11ed by land surface slopes. 

It is significant that, in the area of the f1uted terrain, striations are 

oriented northwest to southeast on both sides of the west-east-trending 

divide, but eskers c10se1y fo11aw the land surface slopes away from it. 

This indicates that active ice moved from the northwest over this divide, 

and that the eskers, associated with the "inner drift zone" were 1ater 

deposited beneath a thinner, fissured, inactive ice masse The active ice 

moving southeastward cou1d have originated in the Labrador centre, but 

Jenness preferred to ca11 upon ice from "the western ha1f of the is1and" 

(p. 163). 
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Jenness constructed isobases on the highest marine features 

recorded on the northeast, east, and southeast coasts of Newfound1and. 

These are shawn in Plate V. MOst of the features are delta terraces which 

were bui1t into the sea when the ice sheet had receded to the position of 

the moraine separating the outer and inner drift zones. They are probab1y 

contemporaneous and the isobase reconstruction is, therefore, probab1y 

va1id. Jenness tentative1y projected these isobases to join those which 

Flint (1940) drew on west coast features. The curvature of the resu1tant 

isobase pattern, showing a southeastward bu1$e simi1ar to that of Fairchild 

and deGeer, prompted Jenness to keep open the door to Labrador ice by 

stating that the isobase trend "cannot but promote renewed speculation 

that Newfound1and was invaded by the Labrador ice sheet" (p. 177). This 

curvature, however, cou1d a1so ref1ect the influence of a Newfoundland 

is1and ice dome. Radiocarbon dates on marine she11s in deposits re1ating 

to the marine 1imit on the northeast coast have become avai1ab1e since 



Jenness' work. These show that ma~ine overlap occurred approximately 

12,000 years B.P. (Dyck and Fyles, 1963). The position of the dated 

localities is shown on Plate V. The dates invalidate Jenness' tentative 

extension of east coast isobases to those drawn by Flint (1940) on the 

west coast. Whether or not the latter are correct, the features upon 

whiCh they are based are older by up to 1,500 years than those on the 

east coast. 
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The work of Lundquist (1965), in the area inland of Notre Dame 

Bay, produced results simi1ar to those of Jenness (1960) with regard to 

glacial landforms. On the evidence of intersecting sets of glacial striae 

and f1ow-moulded landforms, Lundquist conc1uded that the high plateau areas 

of the Long Range Mountains had acted as glacial outf10w centres at a stage 

of the island ice cap. Ice moved towards the nortr.east beyond the present 

shore1ine and subsequently retreated in1and to permit the over1ap of marine 

waters. During the latter phase the ice margin halted temporarily along a 

line present1y indicated by a junction between thick ground moraine in1and 

and a thinner ti11 cover towards the coast. Lundquist cal1ed this a 

"supposed line of retardation" (in ice retreat), and it conforms close1y 

to the position of the end moraine that Jenness mapped between his inner 

and outer drift zones. 

During further wastage of the glacier, it became increasingly 

influenced by local topography, as evidenced by striae trending northwest 

to southeast on interfluves inland of Notre Dame Bay. Some of these striae 

Lundquist saw as possible evidence that "the continental ice sheet from 

Labrador at an early stage - probab1y early Wisconsin - affected Newfound

land, possib1y the entire main part of the is1and" (p. 304). 
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3. SUMMARY 

This revieW has demonstrated a continuing concern with Ca) the 

relative influence of Labradorean and "island" ice on the glacial deposits 

landforms and post-glacial uplift and Cb) the nature of marine overlap. 

Table l is a aummary of previous worka on the glaciation of Newfoundland. 

Early opinions that an independent ice cap lay over Newfoundland were based 

on very tenuous evidence. Flint' s conclusion that Labrador ice invaded the 

west coast at the glacial maximum, and the tentative extension of that 

conclusion by MacClintock and Twenhofel to the entire island, initiated a 

period of entrenchment of that idea in the literature and in the minds of 

others whose attention has been drawn to the glaciation of Newfoundland. 

In the present study the evidence for an "island" ice cap at the l~isconsin 

maximum is discussed in Chapter Four~ 
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TABLE l 

Sm1MARY OF PREVIOUS INVESTIGATIONS OF GLACIATION IN NEWFOUNDLAND 

AUTHOR(S) STUDY AGE OF AREAL ExrENT DIRECTION VERTICAL EXTENT AND AREA GLACIAL OF OF OF DATE STAGES GLACIATION GLACI ER FLQt·l GLACIATION 

Chamberlin Avalon No comment Local ice cap Radia11y Complete cover 1895 Peninsula seawards 

Tyrell Western "the 1ast No comment Radia11y No comment 1917 Newfound1and glaciation" seawards 

Daly Newfound1and "Wisconsin" Beyond present Radia11y No comment 1921 shore1ine seawards 

Coleman Newfound1and 1) Kansan or Beyond present Radia11y 1} Nunataks in 1926 Jerseyan shore1ine seawards western 2} Interg1acial high1ands marine 
episode 

3} "classica1" No comment Radia11y 2} Nunataks in 
l~isconsin seawards western and 

from minor central 
centres h igh lands 

HacClintock Newfound1and, "Wisconsin" 1) Beyond present Radial1y Complete cover and Twenhofel mainly west shore1ine: seawards 1940 

w 
w 
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TABLE l (Continued) 

AUTHOR(S) STUDY AGE OF AREAL EXTENT DIRECTION VERTICAL EXTENT AND AREA GLACIAL OF OF OF DATE STAGES GLACIATION GLACIER FLOW GLACIATION 

HacClintock "St. George's River and Twenhofel Drift stage" 1940 2) Marine overlap on 
west and northeast 
coasts: 
"Bay St. George 
Del ta stage" 

3) Readvance to Seaward, No connnent 
St. George's Bay around St. 
shoreline: George' s Bay 
"Robinsons Head 
Drif t stage" 

4) Local ice caps: Radially from No comment; "Kittys Brook minor centres sunnnits probably moraine stage" ice-free 
5) Local valley and Down-valley Sunnnits 

cirque glaciation ice-free 

Jenness Eastern Late 1) Island ice cap, Radially sea- No comment 1960 Newfoundland Pleistocene margins b eyond wards, stranger 
present shoreline, from northwest 
with separate, 
contiguous cap over 
Avalon Peninsula 

2) Marine overlap 

w 
.$:'-
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AUTHOR(S) 
AND 

DATE 

Jenness 
1960 

Geo1ogica1 
Survey of 
Canada 
(Hender!30n, 
in Dyck and 
Fy1es, 1963) 

Lundquist 
1965 

STUDY 
AREA 

Northeas tern 
Newfound1and 

AGE OF 
GLACIAL 
STAGES 

12,000 
years B.P. 

Northeastern Wisconsin 
Newfoundland 

TABLE l (Continued) 

AREAL EXTENT 
OF 

GLACIATION 

3) Island ice cap, 
end moraine inland 
of shore1ine 

Island ice cap clearing· 
present shore1ine, 
fo11owed by marine 
over1ap 

1) Probab1y ear1y 
Wisconsin Labrador 
ice cap 

2) Later Wisconsin 
is1and ice cap 

3) Marine over1ap 
4) Island ice cap, 

sti11stand inland 
of sho~'e1ine 

5) Minor centres, 
in low1ands 

DIRECTION 
OF 

GLACIER FLOW 

VERTICAL EXTENT 
OF 

GLACIATION 

e 

Radia11y from No comment 
minor centres 

No conunent No comment 

Northwest to No comment 
southeast 

Southwest to Central plateau 
northeast be- monadnocks 
yond present above 1,500 
shore1ine feet ice-free 

Southwes t to No comment 
northeast be-
yond present 
shore1ine 
Radia11y from Central plateau 
centres sununits emerge 

from ice 
w 
VI 



CHAPTER THREE 

Some Features of Glacial Erosion in 
Southwestern Newfoundland 

Because this study is mainly a regional stratigraphie-chronologie 

one, no attempt was made to investigate the landforms of glacial erosion in 

a comprehensive way. However, aspects of these are so prominent in the 

lands cape of some parts of southwestern Newfoundland that to omit them 

would detract from the study rather than enhance it. It is for this reason 

that the erosional forms investigated in the process of studying the 

stratigraphie aspects of glaciation are considered in this chapter. The 

treatment does not purport to be complete. Rather, it attempts to shed 

light on the origin of the observed features and to draw some conclusions 

from them about glaciological conditions at the time of their formation. 

1. SMALL-SCALE FEATURES 

In a recent comprehensive treatment of glacial and periglacial 

geomorphology, Embleton and King (1968) have classified small-scale 

features of glacial erosion on bedrock, as follows: 

Striae 
grooves 
polished surfaces 
friction cracks 

plastic scouring 
plucked surfaces 
"roches moutonnées" 
(stoss-and-lee topography) 

AlI of these features are found, more or less weIl developed, in south-

western Newfoundland. Where they are best developed, conditions respon-

sible for their formation and preservation have been optimal. The glacial 

striae have been studied by MacClintock and Twenhofel (1940) for the 

evidence that they provide of ice-movement directions at different times 
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during the glaciation of the area. The other features have received no 

attention beyond the casual remarking on their presence in some localities. 

In this study, aIl the small-scale features of glacial erosion, except for 

the plucked surfaces and "roches moutonnées," have been investigated in 

the area of the Port au Port Peninsula, where they are presently seen on 

smootn ledges of Ordovician limestone emerging from beneath a cover of the 

lowermos t glacial deposi ts, the "St. George' s River Drif tIf of MacClintock 

and Twenbofel (1940). Pluck.ed surfaces and "roches moutonnées" were only 

cursorily examined in the Long Range Mountains east of St. George's, where 

they are prominent on an anorthosite outcrop. In a few other localities, 

such as the sides of fjords in the Bay of Islands and Bonne Bay, striae 

were studied solely for evidence of ice-movement directions. The dis

cussion of small-scale features of glacial erosion, then, is limited to 

those forms seen in the Port au Port area on limestone bedrock. Sufficient 

diversity was recorded to warrant an attempt to explain the forms there. 

Along the southern shore of the Port au Port Peninsula and around 

the shores of East Bay, Port au Port Bay, ledges of Table Head limestone 

are overlain by St. George's River Drift tille The surface of the grey, 

massive limestone, within 25 feet of sea level, is glacially eroded and 

many of the small-scale features of glacial erosion are seen upOn it. That 

many of these features, particularly striae, occur close to sea level May 

arouse the suspicion that sea-ic~ might have played a rôle in their for

mation. However, four factors may be cited in favour of a glacial origine 

Firstly, while many.localities are close to sea level, some are up to 25 

feet above sea level, and therefore above the influence of sea-ice for 

severa! thousands of years before present. Secondly, apart from striae, 



grooves, friction cracks, plastic scouring features, and miniature "rock 

drumlin" forma are also seen (figures 10, Il, and 12). Such features 

cannat be formed by sea-ice and, furthermore, were produced by an erosive 

agent moving towards the sea in Many cases. Thirdly, the evidence pro

vided by these features of the direction of movement of the erosive agent 

corroborates that provided by the provenance of erratic boulders in the 

St. George's River Drift till. Fourthly, in aIl localities where the 

micro-features of glacial erosion are found, they can be traced to the 

present seaward edge of the till overlying the bedrock surface and dis

appear beneath the till. If the till is cut away from the bedrock sur

face, the erosional features can be seen to continue across the latter. 

An origin by any agency other than flowing glacier ice is, therefore, 

ruled out. 
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The high density and relative purity of the Table Head limestone, 

together with the fact that, in the Port au Port area, the dip of the 

strata is everywhere low, has rendered the bedding planes of the rock sus

ceptible to smoothing, polishing and smaIl-scale erosion. The fact that 

where the erosional features are visible they have only recently been 

exposed by wave and spray erosion of the superincumbent glacial till, 

makes for an excellent state of preservation at the present time. 

The nature of the St. George's River Drift till is significant 

for an understanding of tne erosive agent responsible for the features. 

Mechanical analysis, presented in figure 22, Chapter Four, show the till 

to be relatively rich in clay and silt. Clasts in the till are pre

dominantly igneous and metamorphic fragments with an angular and subangular 

shape. Such material, rich in fines and including many strong, sma1l 



Figure 10: Glacial fluting and miniature rock 
drumlins, Sheaves Cave, Port au Port Peninsula. 
Iceflowed towards observer. Pen gives scale.' 

Figure 11: Cross~ng glacial striae at Campbells 
Creek, Port au Port Peninsula, indicate strong ice 
flow first from 0520 True and later weaker flow 
fram 0000 True. Magnetic declination 28~W. 



Figure 10: Glacial fluting and miniature rock 
drumlins, Sheaves Cave, Port au Port Peninsula. 
Ice flowed towards observer. Pen gives scale. 

Figure Il: Crossing glacial striae at Campbells 
Creek, Port au Port Peninsula, indicate strong ice 
flO\v first from 052 0 True and later \veaker flow 
from 000 0 True. Hagnetic declination 28 0 H. 
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clasts, would be an extremely effective erosive agent, especially in an 

unconsolidated "sludge" condition, such as Gjessing (1965) viewed as 

important for "plastic scouring." Gjessing envisages a basal debris

water-ice mixture as the main agent in this process. 
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The regional trends of glacial striae recorded in the Port au 

Port are a follow three compass directions (see figure 23, Chapter Four). 

The earliest striae were produced by ice flowing westwards from the high

land centre of outflow over the Long Range Mountains. Later striae follow 

the general trends from bearings up to 25 degrees east and west of north. 

The earlier striae are deeper and wider than the later sets and the latter 

do not always cross the former. Where this latter relationship occurs, it 

is easy to be led to the conclusion that the east-west striae are the later 

set. However, the relationahip May better be explained as the result of a 

momentary release of pressure, and therefore striating power, at the base 

of ice passing from northerly points across the deep east-west striae. The 

temporal sequence is properly established when other glacial erosion 

features are considered, and more will be said of this in Chapter Four. 

"Crescentic gouges" as defined by Harris (1943) are common in 

the Port au Port area (figure Il) and are exclusively associated with the 

striae which record ice-movement from easterly points. Often the gentle 

slope between the horns of a gouge is itself striated in a direction re

lated to flow from northerly points.. This latter flow, then, is the later. 

Grooves are found across aIl the limestone surfaces where other 

features are seen. They occur on several scales, ranging from wavelengths 

transverse to the direction of ice-movement of 3 to 4 feet to a few inches. 

At Campbells Cove, one example of a groove one inch deep, was seen with 



41. 

Figure 12: Crescentic gouges 
.- and friction cracks on 1ime

stone surface, Abrahams Cave, 
Port au Port Peninsu1a. Pen 
points in direction of-ice 
f1ow. 

Figure 13: Fjords of Bonne Bay. Maximwn 
depthof 126. fms. in East Arm, ôut of view 
at right. 
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Figure 12: Crescentic gouges 
and friction cracks on 1ime
stone surface, Abrahams Cove, 
Port au Port Peninsu1a. Pen 
points in direction of ice 
f101o! . 

Figure 13: Fj ords of Bonne Bay. rlaximum 
dep th of 126 fms. in Eas t Arrn, out of vie\o! 
at right. 
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right-ang1ed turns to the right, then left, in its l5-inch length. Minia

ture "rock drumlins" one half to one inch across and from one to several 

inches in length occur on the sides of minor inclusions of less pure 1ime

stone in the direction of ice flow. These grooves and "rock drumlins" 

attest to the plasticity of the erosive agent and also to its strength 

(figure 10). It is not difficult to envisage that such a plastic medium 

could be responsible for such powerful erosion if it is considered that the 

stress would have been app1ied over relatively long periods of time. 

In only one case were small-scale erosional features recorded 

which could not be explained by the scouring action of a sub-glacial, 

plastic, debris-ice-water mixture. This is an area of friction cracks 

which look superficially like the crescentic gouges seen at many localities 

in the Port au Port area. At Abrahams Cove, on a 1imestone bedrock 1edge 

which has been glacially grooved and smoothed, a set of straight cracks, 

two to three inches long, traverse a crest between two grooves perpendicu

lar to the trend of the grooves (figure Il). No chips of rock have been 

removed from between these cracks. Several inches away, in the direction 

towards which ice f1owed, lunate chips have been removed from a series of 

severa1 cracks which are left with a vertical face on the "up-ice" side 

of the crack and a face s loping gent1y upwards in the "down-ice" direction 

between "horns" which point "up-ice." The fracture along which the chips 

of rock have been removed dips into the rock in the direction from which 

ice flowed. This is opposite to the dip of that crack in the case of other 

"crescentic gouges." 

Preston (1921, cited in MacClintock, 1953), suggested, from the 

evidence of experiments with meta1 balls moved under pressure across glass 
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surfaces, that a crack which dips in the direction of movement of the 

force producing it results from a fragment being rolled over the surface 

in the same direction. A crack which dips in a direction opposite to that 
of the force is produced by a fragment sliding across the surface under 
pressure. 

These transverse cracks and crescentic gouges at Abrahams Cove, 
then, probably were produced by ice sliding rapidly over the bedrock 

surface so that clasts in the base of the ice were not rolled. This May 

have been due to the locally steep ice gradient produced by channe11ed 

flow in a preglacial bedrock valley. The form of this valley can be weIl 

seen from seaward as the surface of the bedrock exposed in the coastal 

cliffs drops steeply below sea level at the sides of the cove. 

These erosional micro-features shed some light upon the 

glaciological conditions which were likely to have prevailed during their 

formation. The plastic scouring forma seen on the limestone bedrock of 

the Port au Port shoreline attest to the presence of a basal ice-water

debris mixture which was yielded into a plastic condition by the stress of 
superincumbent ice. Even at the maximum of Wisconsin glaciation the 

Newfoundland ice cap would have been a "temperate" glacier, with tempera

tures near the pressure-melting point of ice throughout its thickness. 

Manley (1955) concluded that the firn limit would have Iain near present 

sea level at the Wisconsin maximum in southeastern Canada,' therefore mean 
annua1 air temperatures would have been sufficiently high to inhibit great 
refrigë"ration of the glacier. 

Under these conditions, ice flowing from highland outflow centres 
in the mountains of western Newfoundland into the Gulf of St. Lawrence 
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would have considerable erosive ability. Most of the strong erosion by 

the ice sheet appears to have taken place, however, slong the steep 

margins of those Mountains and across the relatively weak Carboniferous 

sediments east of St. George's Bay. Upland plateaus in the Long Range 

Mountains appear only to have been weakly etched by ice, whereas the 

steep western margin of the range shows much evidence of rock removal, 

particularly in the major valleys through which channelled flow would have 

occurred. West of the Mountains the Carboniferous sedimentary rocks were 

susceptible to glacial erosion by virtue not only of their mechanical 

weakness but also because they strike predominantly at right angles to 

the direction of ice flow. 

The weakness of glacial s triae which were formed by ice mov:f_~g 

from northerly points, at a later time than the main westward movement, 

indicates a weakening of the erosive ability of ice at the time immediately 

prior to marine overlap. It was only when marine waters encroaching into 
.. 

the Gulf of St. Lawrence had caused the ice margin to be oriented para1lel 

to present shorelines that flow in the Newfoundland ice cap changed from 

westward to southward over the Port au Port Peninsula. Forward movement 

continued, forming weak striae and transporting erratic boulders at least 

30 miles from the north and northeast. No features indicative of more 

vigorous flow are seen associated with these striae as they are with the 

earlier east-to-west set. The ice sheet can, then, be envisaged as thinner 

and less weIl nourished than at the stage of the main island ice cap. 

Further discussion of ice-cap dimensions and the glaciation at 

the Wisconsin maximum is delayed until Chapter Four, after the St. George's 

River Drift deposits have been dealt with. 



2. FJORDS 

The steep margins of fault-bounded plateaus in western 

Newfoundland, and the valleys cut into less resistant rocks between them, 

provided optimum conditions for strong erosion by valley glaciers. The 

fjords of the Bay of Islands and Bonne Bay are among the most spectacular 

results of glacial erosion in the area. The interest of the writer be

came focussed on the fjords rather than on the glacial troughs further 

from the sea because of the implications of any conclusions reached re

garding the period of marine overlap for the mode of origin of the fjords. 

Most of the attention was paid to the Bay of Islands fjords because, not 

only are deta11ed marine charts available which permit accurate profiles 

to be drawn of them, but a fairly detailed picture of the late-glacial 

history of that Bay has emerged from the study, which enables any theory 

of fjord formation to be assessed. Soundings are also available for Bonne 

Bay (figure 13) and for St. ~aul's Inlet, at the southern end of the Great 

Northern Peninsula, which identify them as fjords. A fjord is defined 

here as a steep-walled, glacial trough that has been eroded to depths well 

below present sea level, with one or more deep basins set into the general 

long-profile, and with a seaward threshold between the outer-most basin 

and the offshore zone. 

This form is well displayed by the Bay of Islands fjords, shown 

in figure 14. Profiles are shawn in Plate VI. Crary (1966) has proposed 

a mechanism of fjord formation which has particular merit in these fjords, 

and, by analogy, in the others found in western Newfoundland. 
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In a fjord presently forming at the inland edge of the Ross Ice Shelf 

in Antarctica, seismic profiles show a glacier tongue descending a valley 

cut in crystalline rocks and grounding on the floor of an inlet, in a 

basin 1,500 metres below sea level. Seaward of the basin the glacier 

tongue joins a floating ice shelf. The ice thickness increases from 500 

metres at the inner edge of the shelf to 1,500 metres at the he ad of the 

inlet, an increase which is attributed by Crary to the decreasing width 

of the valley. Crary saw the deepening of the fjord floor just inland 

of the contact of glacier and shelf ice as due to the scooping activity 
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of glacier ice at a place where ice movement is mostly towards the terminus 

of the glacier (figure 15). He draws an analogy with an "endless belt 

'or chainsaw ••• any increase in thickness or uplift of the land would 

bring the bottommaterial gradually in contact with the moving underside 

of the ice, allowing direct erostve action to take place" (p. 927). 

There are several implications to this theory. Firstly, rock 

basins in fjords are eroded earlier to seaward and decrease in age inland 

as the sea penetra tes an inlet. Secondly, the erosion of rock basins in 

the fjord floor does not begin until the sea penetrates beneath a glacier 

tongue to float its distal portion. Thirdly, in areas where rapid late

glacial isostatic uplift was occurring immediately prior to deglaciation of 

the fjord valleys, there was a relatively short period of time available for 

rock basin cutting, since sea level would quickly be drawn down possibly 

below the level of the seaward threshold. Where late-glacial emergence 

did not raise the threshold out of the sea, rock basins could still be 

cut. Since the threshold of the Bay of Islands is 80 feet below sea 
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level and emergence there was less than this, rock basin cutting could 

have proceeded while there were glacier tongues in the valleys now occupied 

by the tide-water "arms. Il Fourthly, the cutting of the rock basin fur th es t 

to seaward would not have been possible until the stage when a glacier 

tongue in the valley terminated closest to the present mouth of the inlet, 

since the threshold separating it from the gently she1ving sea floor off-

shore lies across that mouth. 

A radiocarbon date of 12,600 ± 170 years B.P. (G.S.C.-868) has 

been obtained for the marine limit at Cox's Cove, Middle Arm, Bay of 

Islands and a comparable date can be assigned to the limit at the head of 

the Humber Arm. The date, therefore, may be taken as that at which these 

fjord arms were ice-free. The reconstruction of ice-rnarginal positions 

during the retreat of the Newfoundland glacier from its maximum extent, 

discussed in Chapters Four and Eight, shows that ice margin probably lay 

across the mouth of the fjords at the time the St. George's Bay coastline 

-
was deglaciated, at l3,500-l3~700 years B.P. By this reasoning, approxi-

mately 1,000 years were available for the cutting of the rock basins into 

the floors of the glacial valleys of the Bay of Islands. ~Vhi1e this 

estirnate is somewhat speculative, it cannot be extended very much. To do 

this would mean assuming that the outer margins of fjord glaciers were 

floated earlier than 13,500 years B.P. It is very unlikely that this 

occurred before that time since ice flow would have been vigorous, both 

through the valleys themselves and off the adjacent highlands. 

The long profile of Humber Arm, Bay of Islands, is interesting 

with respect to Crary's mechanism of fjord formation. Humber Arm is 

ttITenty-eight miles long from the threshold to the mouth of the Humber 
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River. One major basin, 800 feet deep, is seen in the profile, extending 

for eight miles to the east of the threshold. Three smaller basins are 

eroded into this major basin. However, the floor of the arm is almost fIat 

at a depth of 300 feet for 20 miles east of the basin. The absence of 

basins there may be explained in two ways. First, glacier ice in Humber 

Arm wasted rapidly into the low plateau areas bounding it, allowing rapid 

ingress of the sea the l~hole length of the valley. Second, in the upper 

20 miles of the arm, the glacier tongue was instantaneously floated by 

penetrating sea water and basal erosion was halted. The similar elevation 

of the highest raised marine feature in Humber Arm and in Middle Arm, in 

which basins occur further toward the head, show that the sea first 

occupied the two arms at the same time. lt is, therefore, easier to en

visage a rapid disappearance of glacial ice from the upper 20 miles of 

Humber Arm, allowing the sea to reach its head. 

The strikingly deep and steep-sided glacial troughs of Trout 

River Ponds (figure seven) and Serpentine Lake may also be fjords, although 

they are not sounded. The western part of Trout River Ponds lies close 

enough to the sea at present for it to have been flooded by late-glacial 

marine waters in contact with a glacier tongue occupying the trough. Rock 

basin formation could have occurred at the western end of the trough imme

diately prior to marine overlap. At the onset of marine overlap, the ice 

tongue in Trout River canyon seems to have become inactive sinee pro

glacial delta building into the sea began when the sea level had fallen to 

115 feet from a marine limit at 195 feet. 

The sealolard end of Serpentine La!~c:: 1s farther from the sea than 

Trout River Ponds, yet its surface 1s quite close to sea level. An ice 
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tongue occupied the trough in late-glacial times and it deposited an end 

moraine between the present lake and the sea. If, prior to marine overlap, 
which took place to at least 130 feet above sea level, the sea was washing 
an ice-front just off the present coastline, it is hard to imagine rock 

basin formation occurring on the site of the present lake, 12 miles inland 
of the present coastline. 

3. GLACIAL MODIFICATION OF DRAINAGE PATTERNS 

Embleton and King (1968) mention the following causes of glacial 
modification of stream courses: ice damming, morainic obstruction, glacial 

erosion, and glacio-isostatic warping. To these can be added the cutting 
of new valleys (or the deepening of pre-existing ones) by ice-marginal and 

sub-glacial meltwaters, and the superposition of post-glacial stream courses 
on a cover of glacial deposits. Examples of aIl these causes are found in 

western Newfoundland. Some examples of drainage modification in the area 

show that more than one agency has been responsible. It is important to 
emphasize the varying scales of the modifications. These range from a 

radical alteration of major stream courses and changa~ in watershed area 

to minor deflections of low-order streams. 

A small-scale topographie map of western Newfoundland (Plate 1) 

reveals the general disposition of plateaus and lowlands whose position 

and form reflect major geological units. In pre-Quaternary times south
western Newfoundland underwent a period of subaerial fluvial denudation, 

possibly beginning in the early Cretaceous, which was characterized by non
diastrophic periods of surface planation that were regularly interrupted 
by rejuvenating negative movements of the regional base level {Brookes, 
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1964). Nat urally, the surface bevels slope in the direction of pre

Quaternary stream courses. These surface slopes, therefore, provide clues 

to the directions followed by pre-glacial drainage lines. Other evidence 

of former stream courses is suggested where present-day courses cross 

structural linearnents or dissect former divides. 

At the highest level of generalization, divides between major 

drainage systems follow the crests of the plateaus, along the Long Range 

and Cape Anguille Mountains and the Bay of Islands massifs. Major struc

tural troughs are occupied by high-order rivers such as the Codroy, Harrys, 

Serpentine, Trout rivers, and by segments of the Humber system and those 

rivers draining into Bonne Bay (Plate I). 

The major pre-glacial drainage divide in western Newfoundland 

lay along the crest of the Long Range Mountains (Plate VII). One segment 

of it trended southwest to northeast from near Port aux Basques to east of 

the Bay of Islands, where a lower, north-trending segment linked it to 

another major segment along the crest of the Great Northern Peninsula. 

From the first segment of this divide, now represented by a line of 

residual summits at 1,900-2,200 feet, rivers drained into the Codroy River, 

St. George's Bay, Harrys River, and Bay of Islands 10w1ands in a general 

wester1y direction. Planation surfaces atop the Long Range p1ateaus slope 

in this direction from those residual summits. To the east, rivers drained 

southeast to the southern shore of the island, east to join the Exploits 

River system, and northeast to the Atlantic Ocean down the major structural 

low1ands of Grand Lake and Deer Lake. Above the southeast side of Grand 

Lake a wide plateau at 2,000-2,300 feet shed drainage southeastwards to the 

Exploits system. From another branch of the major divide, west of Grand 



53 

Lake, streams drained north into the Bay of Islands, and west through the 
Serpentine River trench. From the segment of the major divide joining this 
part to that in the Great Northern Peninsula, streams flowed northwest 

through the Trout River and Bonne Bay troughs and southeast to join Atlan

tic drainage in the Deer Lake depression. In the Great Northern Peninsula 
drainage was from a divide closer to the western mountain front than the 

present one, to the Gulf of St. Lawrence on the western side, and to the 

Atlantic on the eastern side. 

Major breaches of these divides have occurred as a resu1t of 

glaciation. The mast radica11y affected area is that node from which 

drainage once f10wed in al1 directions, namely the Grand Lake-Lower Humber 
area. lt will be wel1 attested in Chapter Four that at the maximum of 

glaciation ice moved westwards over the west coast of the island from an 
ice-shed a10ng the Long Range Mountains. Valleys indented into the height 

of land along those mountains would certainly be vulnerable to overdeepening 
by ice f10wing strong1y to each side of it. The erosive activity probab1y 
was more intense on the western side of the divide because of a steeper 

ice-surface profile that increased ice flow rates. A steeper profile 

would have been the result of a steeper land-surface slope to the Gulf 

of St. Lawrence and, 1ater, of the rapid calving of the ice front into the 
late-glacial sea waters. Valley glaciers with steep profiles endured in 
the troughs dissecting the Long Range and Bay of Islands Mountains while 

the sea was overlapping the present Gulf shoreline. 

The upper Grand Lake breach of the divide was the resul t of 

erosion by a glacier tongue which cut a U-shaped trough in an east-west 

direction fram the icefields atop the Long Range into the Harrys River 
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lowland (figure 16). A stream valley which fed waters westwards into that 

lowland was overdeepened, and the valleys each side of the interfluve 

which now forms Glover Island in Grand Lake were strongly overdéepened. 

Upon wastage of the glacier tongues in these troughs, and the blockage of 

the western outlet of Grand Lake by ice-contact glacial debris, drainage 

to the southwest was beheaded. The northeasterly segment of a stream 

which had once continued southw~stwards into St. George's Bay now flows 

into the western end of Grand Lake. That sub-glacial drainage was directed 

to the '-lest is well shown by the trend of an esker system leading fro:n the 

lake to the west, and then southwest, into the Harrys River lowland. 

Before discussing the Grand Lake drainage further, the Humber 

River breach must be considered as an example of a similar development. 

East of the head of the Bay of Islands, the Long Range Mountains trend 

southwest to northeast, with summits at 1,800-2,000 feet. From this 

divide, pre-glacial drainage flowed west into the Bay and northeast into 

the Deer Lake lowland and thence to the Atlantic. Breaching of the divide 

by a glacier tongue produced a through-valley in which water from the 

north east, rising only eight miles from the Atlantic shore, now courses 

southwest through the glacial gorge into Humber Arm, Bay of Islands (figure 

17) • 

The Grand Lake and Humber River drainage basins are interconnected 

and find their present outlet in the Bay of Islands assisted by another of 

the causes of drainage modification during glaciation - isostatic warping. 

The topographie map (Plate 1) shows that the logical outlet for drainage -

east of the Long Range, from Grand Lake and the Humber River, would be into 

White Bay. In fact, around the head of that bay, streams rise as close as 
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eight miles from the Atlantic Ocean and flow 60 miles away from it to the 

Gulf of St. Lawrence. Raised marine features around the Bay of Islands are 

near 160 feet at their highest whereas, around White Bay and Green Bayon 

either side of the Burlington Peninsula, they reach 250 feet (MacClintock 

and Twenhofel, 1940; Lundquist, 1965). This 90-foot difference in recorded 

isostatic rebound is large in comparison with the 200-foot total fall of 

the Humber River from its Middle reach, northeast of Deer Lake, to the 

sea. The real difference in isostatic uplift between White Bay and the 

Bay of Islands is more than 90 feet, since the former area was deglaciated 

1,000 years later and has, therefore, recorded less uplift than the Bay 

of Islands. 

The same factor has contributed the waters of Sandy Lake, 

Sheffield Lake and Birchy Lake to lower Grand Lake and has caused the 

latter to spill over an ill-defined watershed into the Humber at Reidville, 

five miles upstream on the Humber from Deer Lake. The two glacial 

breaches, assisted by isostatic tilting genera1ly towards the north, have 

produced the major drainage changes in the western part of the island and 

have enlarged the present Humber River drainage to approximately eight 

times its pre-modification area. 

AlI other glacial modifications of drainage are minor by com

parison with those discussed above. Perhaps the least minor, and the most 

problematical due to a lack of evidence, is the case of the drainage across 

the lowland between the Long Range and the east shore of St. George's Bay. 

Any direct evidence of the courses of pre-glacial streams across the low

land has been obliterated by glacial deposits. One or two of these rivers 

show angulate directional changes as they cross the fault-line bounding the 
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mountains. Otherwise aIl these rivers follow sub-parallel courses with 

no hint of control by bedrock structures beneath the glacial deposits. 

These structures have been mapped as predominantly southwest-to-northeast

trending folds (Riley, 1962), with dips from 10 to 85 degrees and normal 

faults. lt would be logical to expect that pre-glacial drainage would show 

some adjustment to these structures, with some sections oriented parallel 

to the present shoreline. The present pattern, whether or not it differs 

from the pre-glacial one, is due to superimposition on a seaward-sloping 

cover of morainic and ice-contact debris up to 150 feet thick. 

The southern part of this lowland is cut off from the Codroy 

low1and by an upland remnant of the Cape Anguille Mountains, composed of 

Mississippian sandstones. P1anation surfaces at 1,400-1,700 feet atop the 

mountains and this remnant show that drainage once flowed both to the 

northwest into St. George's Bay, and southwest into the Codroy system. 

A stream from the Long Range plateau also drained northwest through a 

valley separating the two p1ateaus, but this has been obstructed by glacial 

debris and drainage has turned southwestwards through a right angle to 

join the Codroy drainage (figure 18). The defile now occupied by Codroy 

Pond is a glacially and glacio-fluvially overdeepened descendant of a 

sadd1e from which streams drained northeast and southwest. The valley is 

now plugged with glacial debris, and underfit streams flow in opposite 

directions to join Highlands River and the Codroy River. 

Although glacial me1twaters probably contributed to some extent 

to watershed breaching by ice, a case exists in western Newfound1and in 

which it was solely responsible for a sma11 modification of a drainage 

pattern. Across the southern and midd1e sections of the lndian Head Range, 



rJ 
1 

Figure 18. THE CODROY RIV 



-
~OY RIVER GLACIAL BREACH 

\-
/-

/ ' 
/ 1 

/ 

/ ---

I.? MILES 



57 

at the head of St. George's Bay, three valleys cut across resistant 

igneous rocks to depths of 700 feet below the upland surface (figure 19). 

The southernmost valley occupied by Long Gull Pond, is a glacially eroded 

trough, but the northern pair are solely the product of glacial meltwaters. 

Of these, the southern one lies at 700 feet below the general surface. It 

slopes evenly through 180 feet in six miles from east to west. An esker 

which leads into the valley and glacial debris which partially blocks a 

section of it, indicate a sub-glacial origin. It also has a remarkable 

incised meander loop cut 300 feet through bedrock at its western end, 

indicating powerful water erosion by a debris-charged sub-glacial stream 

under hydrostatic pressure. The northern channel is less impressive. The 

average slope is 80 feet per mile, with an upper section sloping at 50 feet 

per mile and a lower at 100 feet per mile. It has no esker leading into 

it from the east since it does not open to the Harrys River lowland. Only 

its subdued similarity to the southern channel and its steep, V-shaped 

cross-profile link the two genetically. These valleys, and that glacial 

trough now o~cupied by Long Gull Pond, fed debris-charged meltwaters from 

the ice in the Harrys River lowland into the sea to build the large delta 

near'Harmon Field. The two southernmost valleys presently lead drainage 

from the east across the pre-glacial divide which was oriented south-to

north over the Indian Head Range. 
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PART TWO 

Introduction 

Part Two deals with the chronologic aspects of the study. 

Chapters Four, Five and Six treat each of the three glacial events re

corded in the sediments and landforms of the study area. }mcClintock and 

Twenhofel (1940) gave the name "stage" to each of these three glacial 

events. In order to avoid the implication of a definite rank within the 

stratigraphic scheme erected in the North American continental interior, 

the term "event" is used in this study. The names ~Yhich MacClintock and 

Twenhofel gave to their "stages" are here retained for the "events" for 

the sake of continui ty of nomenclature. Chapter Seven deals comprehen:

sively with the postglacial marine phase and isostatic uplift. In that 

chapter, some of the evidence used in the previous three chapters to 

arrive at a chronology of glacial events is used again to view the 

phenomena associated with marine overlap as a whole. Chapter Eight sum

marizes the main conclusions of the study and refers to the results of 

recent studies of glaciation in the mainland Atlantic Provinces of Canada. 

Some problems for future research are mentioned in that discussion. 



CHAPTER FOUR 

The St. George' s River Drift Event 

1. THE EXTENT AND CHARACTER OF THE LANDFORMS AND DEPOSITS 

The name "St. George's River Drift" was given by MacClintock and 

Twerihofel (1940) to the lowest Quaternary unit exposed in coastal cliffs 

and inlets bordering St. George's Bay. The place of this unit in the 

scheme erected by those workers has been discussed in Chapter Two. The 

name of the drift is taken from the inlet which extends tidewater seven 

miles to the east of Stephenville Crossing, near the head of St. George's 

Bay. On each side of this inlet the drift underlies a wide area beneath 

a cover of blanket bog. Elsewhere in southwestern Newfoundland, surface 
exposures of the St. George's River Drift are aIl in till which lightly 
mantles the margins of bedrock plateaus and valley sides, particularly 

around the Port au Port Peninsula and along the sides of the fjords further 
north. In these situations, late-glacial marine waters have modified the 

surface character of the till, washing out the fines and exposing large 

boulders, and etching small bluffs into the till at intervals from the 

marine limit to present sea level. The upstanding plateaus of the area 

are mostly bare of glacial deposits. On extensive plateaus of low relief 

in the Long Range Mountains are seen patches of ice-stagnat~on debris which 
relate to the latest phase of glaciation, and are not correlative with the 

St. George's River Drift. The plateaus of the Bay of Islands Mountains and 
the Port au Port Peninsula are practically devoid of glacial deposits. 

Actively flowing ice crossed these, however, and, if this did not succeed 
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in inhibiting subg1acia1 deposition, any deposits have been subsequent1y 

removed by postg1acia1 fluvial erosion. 

It is in the coasta1 c1iffs around St. George's Bay that the 

St. George's River Drift is best exposed to view. As the 10west of the 

glacial units, it occupies a 10w position in the c1iffs, except where 

Carboniferous or Ordovician bedrock rises higher. General1y, the bedrock 

surface lies close to sea level. Thus, except where it fa11s be10w sea 

1eve1 itse1f, the drift is the easiest of the units to examine (figure 20). 

Deposits comprising this drift are of ttvO types. The commonest 

is a compact, massive ti11, rich in clay and si1t, which appears reddish-

brown, or greyish-brown when wet. The massive structure gives it suf-

ficient strength to stand in near-vertica1 faces when fresh1y attacked by 

high seas, and it therefore is visib1y prominent at the foot of the c1iffs 

by comparison with the 100ser structured sands and c1ay-si1ts above. Less 

common are the pockets of 100se1y structured, coarse, ice-contact grave1s 

which occur as hummocks on the ti11 surface in a few places a10ng the 

St. George's Bay shore. 

Textura1 analyses of five ti11 samp1es from wide1y separated 

10ca1ities attest to the homogeneity of the ti11 (figure 21)1. The 

relative abundance of finer partic1es in this ti11 compared to those in 

the younger Robinsons Head Drift ti11 (figure 22) is re1ated to two facets 

of its genesis. First1y, it is a 10dgement ti11, consisting of a mix of 

partic1es of a11 sizes, with no selective remova1 by englacial waters. 

1. The textura1 analyses were done on the fraction passing the 
3/8-inch sieve, using the method outlined in Dawson (1959). 



Figure 20.: Compact lodgement dll of St. 
George's River Drift in base of cliff neâr 
mouth of Fishels River. Pocket of ice
contact stratified debris at base. 
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Figure 20: Compact lodgement till of St. 
George's River Drift in base of cliff near 
mouth of Fishels P~ver. Pocket of ice
contact stratified debris at base . 
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Second1y, ice that deposited this ti11, as will be shown in this chapter, 

passed from east to west across Carboniferous c1astic sedimentary rocks in 

which sha1es are common. Larger c1asts in the ti11 are predominant1y of 

igneous and metamorphic rocks, the source outcrops of which occur in the 

mountains bordering the St. George 's Bay low1and to the east and north. 

Many of these c1asts can be traced to bedrock source areas to provide 

evidence of ice-f1ow directions during ti11 deposition (see section 2). 

The equidimensiona1 form of the c1as ts made i t impossible in the time 

avai1ab1e to obtain a sufficient number of them suitab1e for ti11 macro-

fabric ana1ysis. It is genera!ly recognized that fifty pebb1es is the 

minimum number required from a site to perform the ana1ysis, but far fewer 

than that were co11ected from a11 five sites at which the samp1es were ob-

tained for textura! ana1ysis. The plastic consistency of a basal debris-

water-ice mixture, such as has been postu1ated to have caused the smoothing 

and plastic scouring of bedrock surfaces in the Port au Port area, wou1d 

certainly have oriented any e1ongate, f1attened pebbles para!lel to the 

ice-flow direction, but, unfortunate1y, su ch pebbles are scarce. 

The pockets of ice-contact grave1s, seen in such loca1ities as 

near Romaines Brook and Robinsons Head, 1ack the silt and clay grades of 

the underlying til1. Their hummocky form indicates an origin as kames 

deposited between stagnant ice b1ocks. As the 1arger c1asts are of the 

same rocks as in the ti11, a simi1ar source area is indicated. 

2. THE PROVENANCE OF THE DEPOSITS AND DIRECTIONS OF ICE FLOW PRIOR TO 
MARINE OVERLAP 

C1ues to the provenance of the St. George's River Drift have been 
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gained from tracing erratic till boulders to their source outcrops. 

This evidence indicates ice-flow directions that are corroborated by 

the directions of glacial striae. The latter also indicate the changes 

in directions of ice flow with time. Both lines of evidence and 

conclusions drawn from them are shawn in figure 23, which should be 

referred to in the following paragraphs. 

Large clasts in the St. George's River Drift till are often 

of such distinctive rock types that they can be traced to a unique 

source area, shawn in Riley (1962). A boulder of serpentinized dunite, 

an olivine-rich roCk, lies on a sloping till surface above the village 

of Mainland. Many smaller boulders of the same roCk occur among other 

erratic boulders of granite and local 1imestone fragments atop the 

1,200-1,300-foot summit of Table Mountain, Port au Port. The nearest 

source area for this rock is in the Lewis Bills to the northeast of 

Mainland and north of Port au Port. The Blow Me Dawn Mountains and 

mountains north of the Bay of Islands are a1so largely built of the same 

rock, but the direction of transport of the erratics does not change sub

stantially if they are traced to those source areas. The distances of 

transport increase, but here conservative interpretations have been 

favoured. 

On the southern shore of the Port au Port Peninsula, at 

Campbell's Cove, a large erratic boulder of anorthosite, six feet on a 

side, lies on the modern beach near the level of Mean high tide. It is 

unlikely that sea-:Lce could have transported it, a1though it must be 

admitted that little is known of the thickness, strength, and movements 
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of sea-ice in the area. The anorthosite is distinctive in its mauve 

colour and the inclusion of large crystals of titaniferous magnetite 

(Riley, 1962). The only surface outcrop of this rock in the study area 

lies astride the valley of Flat Bay Brook, east of St. George's. A trans

port of at least twenty-two miles from the east is indicated for the 

Campbell's Cove erratic. 

Many smaller boulders of this anorthosite occur in the St. 

George's River Drift till, in the coastal cliffs and on the modern beach, 

due west of the outcrop of the rock, between Little Barachois Brook and 

just south of the mouth of Fishels River. Westward-flowing ice is again 

indicated. Another quite different anorthosite occurs at the southern end 

of the lndian Head Range, near Stephenville. lt is l.,hite in colour, with 

large albite crystals and inclusions of enstatite pyroxene (Riley, 1962). 

Boulders of this anorthosite occur in the St. George's River Drift till 

west of Stephenville, and a few large boulders, up to six feet on a side 

rest on the modern beach near low-tide level (figure 24). The latter have 

occupied a low-tide position for the five years this study has been in 

progress, so that it is unlikely that sea-ice transported them there. 

They, therefore, have been washed from the till in the cliffs. A westward 

transport of six miles has occurred. 

At the southern apex of the drift-covered St. George's Bay low

land, south of Highlands, the St. George's River Drift till exposed in 

coastal cliffs contains large, striated boulders of reddish-brown, arkosic 

sandstone belonging to the Mississippian Anguille Group. The nearest 

source outcrop of these roCks is in the Cape Anguille Mountains which rise 

from the 10l.,land one to four miles inland of the coas t here. A short 
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distance of transport from the southeast is indicated. 

The foregoing evidence of ice-flow directions is supplemented by 

that from glacial striae in the Port au Port area. The conditions under 

which these were formed have been discussed in Chapter Three. Glacially 

smoothed limestone ledges in the Port au Port area show many of the micro

features of glacial erosion. Since these ledges are overlain by till of 

the St. George's River Drift, the erosional features can be assigned to the 

glacial episode during which the latter was deposited. Arguments for a 

glacial origin have also been forwarded in Chapter Three. Figure 23 shows 

that striae are grouped into three sets, which may not aIl be present at a 

locality. The strongest set is that from predominantly east to west 

(figure 25). Weaker striae, with more variable directions, are grouped 

around directions slightly east and slightly west of north towards the 

south. Where the two north-south sets are seen together, they cross each 

other ~17i th such irregulari ty that they can b e assigned to the same ice 

mass moving from the same outflow centre, but shifting direction slightly 

due to the vagaries of topography and glaciological conditions. When one 

or both of the north-south sets are seen with the east-west set at any 

locality, the former cross the finer east-west striae and the gentler 

facets of crescentic gouges, but do not always continue across the entire 

~dth of the deeper and ~der east-west striae and grooves. This latter 

relation may have been that which prompted MacClintock and Twenhofel (1940) 

to assign north-south striae to an earlier age than east-west ones. How'

ever, not only do north-south striae cross the finer east-west ones, but 

the fact that they do not cross stronger east-west striae can be readily 

explained. l interpret the relation as due to a decrease of stress and 



Figure 24: Indian Head Range anorthosite erratics 
washed fromSt. George's River Drift till on beach 
west of Stephenville. 

Figure 25: Crossing striae at Campbells Creek, Port 
au Port Peninsula, indicate ice flow first from 
050°, and la ter from OOOoTrue. 
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atriating ability at the base of ice moving southwards when it reached the 

lip of a deep east-west striation. Passive ice passed across it and 

stress was built up again on the opposing edge. 

Erratic boulder provenances, together with striae directions and 

ages indicate that strong ice-flow from a centre over the Long Range MOun

tains moved westwards into the Gulf of St. Lawrence at the Wisconsin 

maximum. At a later time, immediately prior to marine overlap, more 

variable ice-flow directions prevailed, with flow genera1ly north-to-

south over the Port au Port Peninsula, but continuing towards the west 

over the east shore of St. George's Bay. Figure 23 shows the coincidence 

of many striae directions with directions of erratic till boulder transport. 

The foregoing conclusion, that southwestern Newfoundland was 

glaciated by an ice cap centred over the Long Range Mountains at the 

Wisconsin maximum, can be extended to most of the remaining area of the 

island. Some published evidence exists in the northern part of the Great 

Northern Peninsula that Labrador ice invaded the island there (Cooper, 

1937; Prest, et al., 1968), and preliminary results of investigations by 

the Geological Survey of Canada also suggest that Labrador ice affected 

the northern part of the peninsula (Grant, 1970b). However, south of 

Bonne Bay, there is no evidence of the former presence of Labrador ice, so 

it is logical to assume that the ice cap over the Long Range Mountains, 

south of the northern peninsula, was responsible for the glaciation of the 

eastern and southern part of the island. With such a strong influence 

over ice flow directions in southwestern Newfoundlaud, it is difficult to 

imagine that, over the Long Range of the Great Northern Peninsula, a local 

ice cap would be dominated by northwest to southeast flow of Labrador ice. 
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This ice would have had to cross the 1,000-1,SOO-foot fault-line scarp 

bordering those mountains and the deep channel of White Bay if it was 

to affect eastern Newfoundland. Further, there is no evidence east 

of the Long Range of northwest to southeast ice flow which cannot be 

attributed to flow from an ice cap situated over the western highlands or 

immediately to the east of them. 

The view that the Island of Newfoundland supported its own 

ice cap at the Wisconsin maximum, and that evidence for the invasion of 

Labrador-derived ice is restricted to the northern part of the Great 

Northern Peninsula, has been the most prevalent one since the late nine

teenth century. In Chapter Two it was seen that some of the earlier 

evidence upon which this view was based cannot be seen as convincing today. 

Since 1940, however, there has been less certainty about the relative 

influence of Labrador ice on the glaciation of N~wfoundland. The conclu

sions of Flint (1940) were in direct opposition to those recorded earlier, 

in that they called for an invasion of the western part of the Island by 

Labrador ice to account for the alleged trend of isostatic warping. The 

quotation from Flint (1940) in Chapter Two places a dominating influence 

on Labrador ice over the west coast of the Island at the Wisconsin maximum. 

The detailed studies of MacClintock and Twenhofel (1940) pro

vided evidence of radial flow from an Island ice cap prior to marine over

lape However, the north-south striae in the Port au Port area provided 

an opportunity for them to harmonize this idea with that of overriding 

or, at Ieast impinging, Labrador ice favoured by Flint. They interpreted 

the north-south striae at Port au Port as older than the east-west ones 

and called upon Labrador ice, or Island ice deflected southwards by 



it, to cross the Port au Port area at the Wisconsin maximum, and upon 

later radial flow to produce east-west striae at Port au Port prior to 

marine overlap. 

My re-interpretation of the discrete ages of glacial striae in 

the Port au Port area, and the evidence gained in this study of erratic 

till boulder provenances, discount the former presence of Labrador ice, 

at least on present-day land areas. The question is now raised as to 

whether this ice lay offshore and was active enough to deflect island 

ice flawing west off the western highlands of Newfoundland to the south 

across the Port au Port Peninsula. Firstly, the southwestward movement 

of erratic boulders, shawn in figure 23, indicates that the south-flawing 

ice was island ice and not from Labrador. Secondly, since this movement 

was later and weaker than the strong westward flow at the Wisconsin 

maximum, it is unreasonable to suppose that Laurador ice deflected New

foundland ice southwards. If this occurred, it wou Id be more likely to 

have happened at the earlier and stronger phase when both ice sheets 

would have been more active. 
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A southward movement of Newfoundland ice over the Port au Port 

Peninsula can be accounted for by a combination of two factors. Firstly, a 

decline in the activity of ice from the main island outflow centre over the 

Long Range Mountains would have isolated subsidiary centres over the Bay 

of Islands Mountains - for example, in the Lewis Bills (Plate I). These 

stand 300-500 feet higher than the 2,000-foot summits of the Long Range, 

and at present receive comparable amounts of snowfall. While the Long 

Range receives a maximum of over 200 inches, the Bay of Islands Mountains 

receive 150-175 inches (Hare, 1952). Ice flow from the subsidiary centres 



would have been radial, with a strong component to the south, due to the 

changing orientation of the ice margin in St. George's Bay. 
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This latter phenomena is a second important consideration in 

explaining ice-flow directions over the St. George's Bay shoreline imme

diately prior to marine overlap. The map of Prest (1969), "Retreat of 

Wisconsin and Recent Ice in North America," shows a tongue of ice in Cabot 

Strait at 14,500-15,000 years B.P., the flow of which was guided by the 

configuration of the Laurentian Channel. By 13,500 years B.P., marine 

waters flooding the Gulf of St. Lawrence were washing the newly deglaciated 

shores of St. George's Bay. Evidence for this will be presented in Chapter 

Five. Isobaths in that bay trend para1lel to its shores, so that the ice

sea contact immediately prior to marine overlap would have been oriented 

from wes t to eas t off the southem shore of the Port au Port Peninsula, 

causing ice to swing fl;'om westwards to southwards in moving over it. On 

the eastem shore of the bay, the southwest-to-northwest trend of the ice

sea contact would have been similar to that of the glacier margin at the 

maximum, so that no such late-glacial change in flow direction occurred. 

The distribution of erratic till boulders along that coastline indicates 

only westward-flowing ice. Figure 26 shows the changing position of the 

ice margin and flow directions during the late Quaternary over southwestern 

Newfoundland. The regional picture of isochrones on ice margins in the Gulf 

of St. Lawrence is shown in Prest (1969), but those shown here have been 

derived from evidence gained in this study. 

3. THE AGE OF THE EVENT AND ICE-CAP DIMENSIONS 

Because it is the lowest and therefore the oldest unit of glacial 
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deposits, the age of the St. George's River Drift cannot be ascertained by 

bracketing it between dated deposits. The deposition of the unit preceded 

marine overlap in southwestern Newfoundland, so that the termination of the 

glacial phase may be dated at between 13,700 and 12,600 years B.P. in the 

area. 

Two lines of evidence converge on the conclusion that this drift 

unit relates to the Wisconsin maximum, although no date for the beginning 

of the deposition can be obtained. Firstly, the glacial striae in the 

Port au Port area and erratic till boulder provenances indicate that the 

St. George's River Drift was deposited by ice flowing westwards off the 

highlands of southwestern Newfoundland. There is no evidence that more 

powerful ice flow from a Labrador centre affected the area. This suggests 

that the drift relates to the maximum extent of Wisconsin ice flowing from 

an island outflow centre. 

Secondly, the till of the drift is a compacted basal till and it 

contains boulders of rocks which build the highest parts of the area. Ice, 

therefore, completely covered the land areas of southwestern Newfoundland 

during the deposition of the till and this would be most likely at the 

Wisconsin maximum. By 13,500 years B.P. the St. George's Bay shoreline 

was almost completely free of ice, and by 12,600 years B.P. the fjord arms 

of the Bay of Islands and Bonne Bay, and the open shorelines of the Gulf 

of St. Lawrence were deglaciated and ice was becoming more and more in

active. The deposition of the St. George's River Drift till, therefore, 

must have begun some time before these dates. 

Little evidence is available which would enable the profile of 

the Newfoundland ice sheet at the glacial maximum to be estimated. 
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MacClintock and Twenhofel (1940) stated that, "Fresh erratics and roches 

moutonnees were found in abundance 0n enough critical upland summits to 

convince the authors that Wisconsin ice had completely glaciated the 

island" (p. 1775). l concur with this conclusion from an examination 

of summits in the Long Range and Bay of Islands Mountains. Atop Table 

Mountain, Bonne Bay, for examp1e, fresh granite boulders can be seen 

easily amongst the frost-shattered debris of the dunite bedrock. Erratics 

also indicate that active1y f10wing ice crossed these summits. 

At the glacial maximum the outer margin of the island ice cap 

would have been grounded on the gently-she1ving sea floor off the west 

coast. It is not known how far out into the low1and of the Gulf of St. 

Lawrence the ice extended at this stage. The small-sca1e features of 

glacial erosion in the Port au Port area indicate strong f10w westwards 

over that sa1ient at the maximum, and the nature of the St. George "s River 

Drift ti1l sug~ests that ice had sufficient mass to render it extreme1y 

compact. l have assumed that the ice margin 1ay a10ng the edge of the 

Laurentian Channel at 200 metres be10w present sea level, 40 kilometres 

(25 miles) west of the western extremity of the Port au Port Peninsu1a, 

for the sake of the computation made below. 

Andrews (1968b} modified the formula of Weertman for the profile 

of a circular icecap. -Weertman's formula states: 

where h is 
.x is 
Tav is 
0 is 
g is 
fl., is 

2 
h T 

~ 4 av fl., ... .x 
2pg 

elevation in metres on ice surface at .x 
distance in ki10metres from the centre 
average shear stress in bars at the base 
density of the ice 
acceleration due to gravit y 
ha1f~width of the ice cap 

of the ice 
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Andrews used average shear stress values of 0.5 and 1.0 bars to simplify 

the formula to: 

h ~ 42DO. s and h ~ 85.°·5, respectively 

where h is height of ice surface at D, in metres 
D is distance from margin of ice cap, in kilometres 

Andrews cited studies by Hollin and L~ken which gave values of the ex-

ponent in the equation of 0.57 and 0.58, and values of the varying "con-

stant" from near 40 to near 100. 

l have applied Andrews' simplification of Weertman's formula to 

western Newfoundland and have used a value of 0.57 for the exponent, and 

values of 40, 100, and the mean value of 70 for the "constant." Profiles 

derived from these computations are shawn in figure 27. The highest point 

of land in Newfoundland, in the Lewis Hills, stands at 814 metres (2,673 

feet) at a distance of 70 kilometres from the 200-metre isobath bordering 

the Laurentian Channel. The formula: 

h = 100DO. s7 , where D = 70 kms., 

gives a value of 1,126 metres for the ice surface elevation above the 200-

metre isobathe Since the 8l4-metre summit is 1,014 metres above that iso-

bath, the summi t lies beneath 112 metres (370 feet) of ice. 

The "constant" could be adjusted to increase the thickness of ice 

above the summit, but it is apparent from these examples that the value 

of 100 is a minimum. The exponent is less adjustable since it shot~s a 

sma1l variation in the studies quoted by Andrews (1968b) and is more 

closely related to the physical constants in Weertman's equation. The 

only possible source of the variation in the value of the constant is the 

average shear stress on the glacier bed. Since the ice caps to which the 
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equation has formerly been applied are polar, the "constant." applicable to 

the Pleistocene temperate ice cap of western Newfoundland can be expected 

to be somewhat different. These computations also take no account of topo

graphically induced changes in ice-surface slope over western Newfoundland 

where, with the high relief near the coastline, these would doubtless have 

occurred. 

The values of ice thickness over points in western Newfoundland, 

computed ab ove , are in agreement with those arrived at on the basis of 

topographic evidence. Fjord valleys have been eroded to at least 100 

fathoms (approximately 200 metres) in the Bay of Islands and Bonne Bay. 

Immediately adjacent to these fjords, valley walls rise steeply to summits 

at near 800 metres. If the erratics on the summits are interpreted as evi

dence of flowing ice, ice thickness over the valley floors was over 1,000 

metres. 

The evidence of striae and other erosional micro-features of 

glacial origin indicates that, at the Wisconsin maximum, strong ice flow 

was towards the west and northwest from centres of outflow over the Long 

Range and Bay of Islands Mountains. The St. George's River Drift till is 

a lodgement till with no sign of any terminal features and was deposited 

by ice flowing towards the Gulf of St. Lawrence. The margin of this ice 

cap must be assumed to have Iain in the Gulf of St. Lawrence. The ice 

surface profile tentatively applied to western Newfoundland indicates that, 

in order for the highest summits to have been covered by a minimum thick

ness of flowing ice, the margin of the ice cap must have stood close to the 

present 200-metre isobath in the Gulf of St. Lawrence, 35-60 kilometres 

(22-37 miles) offshore. 



CHAPTER FlVE 

Late-Glacial Marine Overlap and the 
Bay St. George Delta Event 

1. THE EXTENT AND CHARACTER OF THE LANDFORMS AND DEPOSITS 

MacClintock and Twenhofel (1940) gave the name "Bay St. Geo.rge 

Delta" to a unit of glacio-marine deposits overlying the "St. George's 

River Drift" around the shores of St. George' s Bay. Between Port au Port 

and Ship Cove, deltaic bottomset, foreset, and topset beds commonly com-

prise the bulk of deposits exposed in coastal cliffs (figure 28), and in 

several places along that coastline level cliff-top surfaces are fragments 
of this composite delta. The delta surface has in many places been ter-

raced below the elevation of the upper marine limit or covered by a younger 
unit of glacial deposits. While fragments of this delta surface around St. 
George's Bay are the most prominent evidence for marine overlap, sma1ler 

delta terraces built in isolated coves and wave~ashed till surfaces are 

widespread throughout southwestern Newfoundland along steeper and more 

rocky shores. Several different landform types are therefore associated 

with the late-glacial marine overlap, the "Bay St. George Delta" being 

merely the most prominent and continuous. 1 have referred to the Bay St. 

George Delta "event" to facilitate a comparison with the work of MacClintock \ 

and Twenhofel. 

In this chapter only those deposits and landforms formed imme-

diately following the onset of marine overlap will be discussed. The 

marine episode as a whole will be discussed in Chapter Seven. The onset 

of overlap was soon followed by another glacial event around St. George's 
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Figure 28:, Coastal cliff section in foreset beds 
of Bay St., George Delta betweeil Robinsons and 
Barachois"rivers, St. George's Bay. Clay-silt 
bottom-set beds and till 'in cliff oase. 
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Figure 29: Varved fine
grained sediments in cliff 
section near mouth of 
Fishels River, St.' George's 
Bay. 



Figure 28: Coastal cliff section in foreset beds 
of Bay St. George Delta between Robinsons and 
Barachois rivers, St. George's Bay. Clay-silt 
bottom-set beds and till in cliff base. 
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Figure 29: Varved fine
grained sediments in cliff 
section near mouth of 
Fishels River, St. George's 
Bay. 
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Bay and farther north, in the fjords, the progress of overlap was different 

again. Therefore, only the early part will be d1scussed here, and 1t will 

lead to a review of the later glacial event. Most of the 1nterpretat1on 

of the evidence of marine events will be made in Chapter Seven. 

The nature and extent of late- and postglac1al marine landforms 

1s shawn in Plate VIII. Generally, the landforms can be class1f1ed 1nto 

depos1t1onal and eros1onal types, the cODlDonest examples of each type be1ng 

the glacio-marine delta terrace and the wave-washed t1ll surface, respec

t1vely. Upon the deglaciat10n of the present' shorel1ne after the St. 

George' s River Drift event, the only factors wh1ch caused one or the other 

of these types to form were the availab1l1ty of glacial sediments 1mme

d1ately in1and of the shorel1ne and of a stream to transport and depos1t 

them 1nto the sea. Where these conditions preva1led, deltas were bu11t, 

but where they were absent marine waters merely washed the earl1er t1l1 

surface. In the latter case, the h1ghest level of the sea can be detected 

in the junct10n of a smoother, washed t1ll surface, commonly w1th large 

t1ll boulders littering 1ts surface, w1th a rougher, untouched t1ll sur

face. This junct10n is often marked by a zone in which larger boulders 

are concentrated. This would be due to surf and sea-1ce action wh1ch moved 

the boulders to the marine l1mit from the foreshore slope. 

The factors responsible for the present-day distribution of 

marine l1m1t landforms are, firstly, the preservation of the forms from 

destruction by later subaer1al or marine eros1on and, secondly, that they 

have not been obliterated by superincumbent younger depos1ts, pr1mar1ly 

of glacial origine In the area studied, the greater part of the shorel1ne 

was not affected by glacial depos1t1on subsequent to marine overlap, so 



that marine landforms, where they were first formed, and have not since 

been eroded away, are still not:tceable. Only along the St. George's Bay 

shoreline, between Port au Port and Ship Cove, near Highlands, has a sub

sequent glacial event caused the obliteration of most of the uppermost 

marine landforms. There, however, excellent stratigraphie evidence can 

be seen in the coastal cliffs that late-glacial marine waters were higher 

than levels at which marine landforms occur today. Before examining the 

elevation of the marine limit in southwestern Newfoundland, the nature of 

the glacio-marlne deposits will be discussed. 
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Examination of many sections in the glacio-marine sequence 

demonstrates the similarlty of depositional conditions over the entire 

study area. Above the St. George's River Drift surface (which may lie 

below the cliff foot) most commonly is seen a layer of massive, blue-black 

or red-brown, stony clay with a variable admixture of silt and sand. The 

thickness varies fram one to fifteen feet. In some sections this basal 

clayey layer is overlain or replaced bya rlvthmically stratified unit of 

silts and clays, suggestive of varve deposition. In the few localities 

where this occurs it is likely that large amounts of glacial meltwater 

were being brought into the late-glacial sea by a predecessor of one of 

the modern rivers draining to the Gulf of St. Lawrence. For example, near 

Fishels, a fifteen-foot thick sequence of varved silts and clays lies close 

to the present mouth of Fishels River (figure 29). Since the present river 

system draining into St. George's Bay was established as the ice-sheet 

wasted into the mountains, it can be reasoned that the glacial counterpart 

of Fishels River was contributing fresh meltwater and sediment to the 

late-glacial sea. Varve deposition cannot occur in water of average 
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oceanic salinity since the negative charges on the faces of clay micelles 

become neutralized as cations in sea water are attached. The clay par

ticles flocculate and sirik to the sea floor together with the coarser 

particles. Sediment-charged meltwaters, however, would have reduced the 

salinity of inshore areas. Occurring in sudden pulses in a glacial en

vironment, they would follow the bottom as density currents (figure 30). 

Kuenen (1951) states that such water would be even denser than sea water 

at the temperature of maximum density, 40 C. Brackish bottom waters would 

have deflocculated clay particles, allowing them more slowly to settle to 

the sea floor. A. long season of sea-ice cover in late-glacial times would 

have reduced wave-generated turbulence at depth, contributing to the 

quiescent depositional environment necessary for varve formation. 

In the massive clay layer, whether it be blue-black or red-brown 

in colour, many till pebbles and cobbles occur that are similar in 

lithology to the clasts of the St. George's River Drift till. They occur 

surrounded by unctuous clay and often the scars of barnacles are still 

visible on them (figure 31). Since barnacles are not tolerant of muddy 

bottom environments, it is possible that these boulders were dropped, 

along with the smaller gravel and sand in the clay, from the base of float

ing ice masses. In two sections examined in detail, at Tea Cove in Port au 

Port Bay and Benoit's Cove in Bay of Islands, the basal marine clays are 

so stony that, if it were not for the abundant and often frail molluscan 

shells in them, they could be mistaken for glacial till. 

The junction of these fine-grained marine sediments with the 

underlying glacial deposits is marked by a transition zone, up to a foot 

thick, of coarse, clean sands, with included pebbles in some places 



Figure 31: Sandy transition zone between 
St •. George's River Drift ti11 (be1aw) and 
delta bottomset beds (above), Port au Port. 
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Figure 32:. Junction of St. 
George's River'Drif~ t111 -
and basal c1ays of marine 
sequence at Kippens, west 
of Stephenv111e. Note coarse 
transition layer. 



Figure 31: Sandy transition zone between 
St. George's River Drift till (below) and 
ùelta bottornset beds (above), Port au Port. 
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Figure 32: Junction of St. 
George's River Drift till 
and basal clays of marine 
sequence at Kippens, west 
of Stephenvillc. ~ote coarsc 
transition layer. 
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(figure 32). This is suggestive of wave action on the glacial surface 

which removed the fines from the tille However, it will be shawn in sec
tion two of this chapter that, upon deglaciation of present coastal areas, 

the sea was immediately as much as 200 feet deep over the surface of 

glacial deposits. The sandy transition zone between glacial and marine 

sediments must be the product either of wave-generated turbulence at depth 

or of erosion by density currents of sedi~ent-charged meltwater. 

It is in the massive clayey sediments, rather than the varved 

sequences, that the most abundant and varied marine shell fauna is found. 

Illustrations of the shell assemblages collected from several sites are 

found in Appendix A. Some points may be raised here relating to the 

environment of these shells as indicated by their state of preservation, 

thickness, and variety. The greatest variety and most complete state of 

preservation of the shells is found in the two sites mentioned above, at 

which the shells occur in a very stony, blue-black, unctuous clay. Bar
nacles are common at both sites, as are boulders with scars of these on 

one side of them. At Benoit's Cove, a complete test of Echinus ~. was 

exposed during the collection of other shells. Even the spines of the 

creature were found in the clay surrounding it. These phenomena can only 
be interpreted as indicating extremely quiescent bottom conditions in 

fairly deep water. At both sites, the clays occur at least 100 feet below 
the marine limite An adequate explanation of the lack of turbidity on the 
sea floor can be given at each site, in terms of a cover of floating ice 

that remained for a short time after the onset of marine overlap because 
of local topographic conditions. These will be expanded upon when the 

radiocarbon dates are discussed later in this chapter. 
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Far fewer species, but larger numbers of individuals, have been 

recovered from other sites. At these, more turbid bottom conditions can 
be shawn to have existed, usua1ly by the coarser texture of the sediments. 
It is noteworthy that fewer species and indivuals are recovered from 

varved deposits. This May be due to the greater turbidity in such areas. 
Large influxes of glacial meltwaters from streams draining the ice-front 

would also have kept localized areas of the sea free of floating glacier 

ice and this is a possible explanation for the absence of till clasts in 

these varves, and of barnacles which would have colonized the under

surfaces of clasts as the latter emerged from the base of the ice. Further, 
in sandy deposits at the base of the marine sequence, species become fewer 

and shells thicker. ~ arenania, ~ truncata, and Macoma calcarea are 

the only species found in such environments and their shells are extremely 
sturdy. 

The rhythmically bedded sediments which replace or overlie the 
massive unit have been referred to as varves, because of the regular 

alteration of thicker silty and sandy layers with thinner clayey layers. 
They can also be viewed as delta bottomset beds in an environment where 

stream and sediment discharge from land areas to the sea would have been 

markedly seasona!. The colour of these sediments always reflects the 

colour of the underlying till, across which streams would have flowed from 
the wast1ng glacier margine The more massive clayey deposits rarely 

reflect this. 

These fine-grained sub-units of the marine sequence pass abruptly 
up into a series of seaward-dipping delta foreset beds, which attains a 

thickness of 100 feet in places. In the St. George's Bay area, there are 
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only two 10ca1ities where the top surface of the delta remains intact, 

unaffected by post-formationa1 terracing or obliteration by glacial deposi

tion. These are at Port au Port (figure 33), and between Bank Head and 

Fishe1s River. On1y there, therefore, can the coarse, horizontal1y-bedded 

grave1s which over1ie the foresets be cal1ed topset beds. Surface markings 

on the delta in the Bank Head area show the boggy f100rs of now-abandoned 

distributaries of the streams which bui1t these deltas. In many other 

places around the St. George's Bay shore1ine, delta foresets exposed in 

the c1iffs are capped by s1m11ar coarse grave1s, but it is known in these 

10ca1ities that the 1ate-g1acia1 sea once stood higher than the terrace 

surfaces. The latter, therefore, represent sti11stands during the fa11 of 

sea 1eve1 fram the marine 1imt to its postg1acial low position. One of 

these terraces is intimate1y associated with the deposits of the 1ater, 

Robinsons Head Drift, glacial episode, so it will figure prominent1y in 

the discussion in Chapter Six. 

~cClintock and Twenhofe1 (1940) commented upon the close 

re1ationship between the directions of dip of the foreset beds around St. 

George' s Bay with the out1ets of the present-day rivers. They concluded 

that the Bay St. George Delta was built by rivers which have not altered 

their courses very much in postglacial times. 

Other, sma11er, delta terraces in iso1ated coves in other parts 

of southwestern Newfound1and do not deserve detailed attention to the 

conditions of their formation. It remains to examine two other depositional 

features in connection with marine over1ap at its highest stand. Harrys 

River enters the wide curve of the head of St. George's Bay from the north

east. Its source is close to the Bay of Islands, south of Corner Brook, 



Figure 33: Raised delta at Port 'au Port,.viewed towards 
the northeast, with Table Mountain in bac~ground. 

Figure 35: Section in gravels of raised beach ridges at 
Ship Cove, Port au Port Peninsula. Top of section about 
30 feet above sea level. 
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Fi;ure 33: Raised delta at Port au Port, viewed towards 
the northeast, ,vith Table Nountain in background. 

figure 35: Section in gravels of raised beach ridges nt 
Ship Coye, Port au Port Peninsula. Top of section about 
30 [cet nbovc sen levcl. 
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and its large drainage area owes muCh to the evolution of the valley before 

glaciation. It flows in a broad lowland underlain by Ordovician c1astic 

and carbonate rocks, f1anked by the igneous body of the Lewis Bills to the 

west and the mass of the Long Range igneous and metamorphic complex to the 

east. In its middle and lower reaChes it cuts through surficial deposits 

in wide meanders. Its lower reach is set in a modern flood plain from the 

west side of whiCh a series of three wide terraces step up to the flanks 

of the Indian Head Range. These terraces, fragments of which are up to 

one mile wide and three miles long, were prograded into a sea which was 

intermittent1y lowered after the initial marine overlap. The highest 

rises to 120 feet at its proximal margin, yet it cannot be ascertained 

where upon its surface, or within its infrequently exposed deposits, the 

subaerial depositional environment gave way to the submarine. However, 

since the terrace could not have been built until ice had cleared the 

lower part of the valley, and late-glacial sea leve1s were high above 

present, this terrace must represent the marine 1imit. MOre will be said 

of the exact sequence of events in Chapter Six. 

The last of the types of depositional 1andforms associated with 

marine over1ap is the beaCh-ridged surface of a gently sloping, emerged 

sea floor. The best example of this is south of the mouth of Serpentine 

River, between the northwest edge of the Lewis Bills and the Gulf of St. 

Lawrence (figure 34). In this area a very gently sloping surface rises 

from the top of coasta1 cliffs 40-50 feet high, for two miles inland, in 

places to the base of a bluff at 130 feet, and in others to an impercep

tible break in the slope at a little above 160 feet. This surface is 

traversed by sub-parallel beaCh ridges, similar to those more recently 



Figure 34': Raised marine features south ,of Serpentine River'. 
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exposed around the borders of Hudson Bay. A gent1y sloping foreshore, 

p1entifu1 supplies of bouldery debris, and a great distance of longshore 

fetch contributed to the building of these ridges. In a few other loca1i-

ties simi1ar features are seen on a smaller sca1e. At Ship Cove, on the 

Port au Port Peninsula, for examp1e, an apron of grave1, sloping regu1ar1y 

down to sea 1eve1 from 50 feet, has we11-deve1oped, concave-seaward, beach 

ridges of two to three feet amplitude deve10ped upon it (figure 35). 

Erosiona1 1ate-g1ac1a1 marine 1andforms are, for the most part, 

restricted to wave-washed ti11 surfaces. Important and prob1ematical ex-

ceptions are found, such as the wave-cut rock p1atforms, and a fine 

examp1e of a raised stack, at Trout River (figure 36). The wave-washed 

ti11 surfaces are a1most impossible to discern on aeria1 photographs and 

on the ground when the terrain is wooded. Since eroded bluffs at the 

in1and margins of these surfaces are uncommon, their recognition is based 

upon the genera11y smoother anâ more 1eve1 terrain be10w the marine 1imt; 

the more or 1ess profuse 1itter of winnawed ti11 boulders be10w the marine 

1imit (figure 37); and" the rare case of a concentration of ti11 boulders 

at the marine 1imt, due to wave and sea-ice transport towards the former 

shore1ine. None of these features is easy to identify un1ess the land has 

been c1eared or is natura11y covered with bog vegetation. 

2 • THE NATURE AND AGE OF MARINE OVERLAP 

The e1evation of a11 1eve11ed marine 1imit features are shawn 

on the map, Plate VIII1• On1y the most genera1 regu1arity of variation in 

1. In this study, e1evations referring to specific raised marine 
features, or to former sea-1eve1 stands, are given in feet above higher 



Figure 36: Wave-cut notch in metamorphic bedrock -at 
back of "ru-foot" delta terrace, " Trout River". 

Figure 37: Wave-washed surface of St. George 'a River 
Drift till at St. George's. Higheatpoint 80 feet 
above sea level.-
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Figure 36: Wave-cut notch in metamorphic bedrock at 
back of "115-foot" delta terrace, Trout River. 

Figure 37: Wave-washed surface of St. George's River 
Drift till at St. George's. Highest point 80 feet 
above sea level .. 
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their elevations is apparent. It can be seen that they are genera1ly 

higher in the northern part of the area, but insufficient evidence is 

available to permit the reconstruction of isobases on the marine limite 

This is Most forcefully disallowed by the variation in the age of the 

marine limi t over the area. 

Pewer determinations of marine limit elevations were made in 

this study than in that of Flint (1940). However, features have been 

levelled in areas not covered by Flint, so that the spread of features is 

more even. Further, many features have been levelled in places where 

they cannot be fitted into the isobase pattern of Flint. Together with 

the radiocarbon age determinations of marine limit features, a reassess-

ment of Flint's conclusions is given in Chapter Seven. 

a. Radiocarbon-dated sites 

Discussion of the nature of age of the marine limit will be 

organized around that of the dated sequences of marine deposits in south-

western Newfoundland. Seven radiocarbon dates became available between 

1967 and 1969 on shells in deposits relating to the marine limit at six 

sites. Five of these are in the St. George's Bay-Port au Port Bay area 

and one is in the Bay of Islands. Data pertaining to the dates are shown 

in Table II. 

high water at large tides (HHWL). Features were levelled from Chart Datum (C.D.), using tide tables. Chart Datum is that level below which tides fall only one per cent of the time during the year, and is equivalent to lower low water at large tides (LLWL). Since evidence of marine activity will be found up to the higher high water mark, this datum has been used throughout. Elevations above Chart Datum have been lowered by six feet since this is the approximate average tidal range at large tides in the study area (Canadian Hydrographie Service, 1967). 
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TABLE II 

RADIOCARBON DATES ON MARINE SHELLS FROM SOUTHWESTERN NEWFOUNDLAND 

Locality Lab. no. Radiocarbon Age E1evation1 Marine Limit1 

(years B.P.) m ft. m ft. 

Abrahams Cove G.S.C.- 958 13,600 ± 180 6 20 42.4 140 
Abrahams Cove G.S.C.-1074 13,700 ± 230 40.6 134 42.4 140 
Port au Port G.S.C.-1187 13,400 ± 290 1.8 6 34.2 113 
Tea Cove G.S.C.- 937 13,200 ± 220 1.8 6 30 100+2 

Robinsons Head G.S.C.-1200 13,500 ± 210 34.5 114 34.5 114+2 

Highlands G.S.C.- 598 13,420 ± 190 3.6 12 25.5 85+2 

Cox's Cove G.S.C.- 868 12,600 ± 170 34.5 114 48.5 160 

1above HHWL 
2The uncertainty of the e1evation of the marine 1imit at Tea Cove, Robinsons Head, and Highlands is discussed in the texte 

ft 

\0 
\JI 



96 

i. Abrahams Cove. The location of Abrahams Cove is shawn in Plate VIII, 

and the dated stratigraphic sequence there is shawn in cross-section in 

figure 38. The Quaternary deposits at Abrahams Cove partially fill a 

glac1a1ly eroded stream valley. The bedrock surface dips below sea level 

from 80 feet on each side of the cove. Where it is presently being 

stripped of a cover of St. George's River Drift till, the bedrock is seen 

to be smoothed, grooved and striated. The striation direction is shawn on 

figure 23. The till is only four to six feet thick here and no ice-contact 

gravels are seen. The nature of the glacio-marine sequence is indicated 

in figure 38. Also shown is the relation of the position of the marine 

limit to the lower, regressional terrace surface. The date of 13,600 ± 180 

years B.P. (G.S.C.-968) for the lawer part of the marine sequence is on 

complete shells of Hiatella arctica. Specimens are shown in Appendix A. 

The shells are chalky, with patches of the outer skin, or periostracum and, 

in some cases, the ligament still intact. They occur in blue-black, clayey 

sands, with included till clasts. A date of 13,700 ± 230 years B.P. 

(G.S.C.-l074) was obtained on minute fragments of the shells of Hiatella 

arctica, found in the coarse, sandy matrix of an apron of angular limestone 

fragments. The shells occur within five feet of the marine limit, which 

lies at 140 feet above HHWL. The bouldery apron represents an accumulation 

of limestone fragments loosened by wave action from a bedrock cliff and in

corporated in a matrix of coarse sand below the level of the sea. Similar 

accumulations are presently forming along the southern shore of the Port 

au Port Peninsula. 

The comparability of the dates on shells which are separated 

vertically by 120 feet indicates that, immediately following deglaciation 
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of the cove, the sea was 120 feet deep over a steeply shelving shoreline. 

Bedrock cliffs rose above the marine limit at the sides of the cove, but 
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at the head of this late-glacial embayment the limit was registered as a 

junction of a wave~ashed till surface with a rougher till surface that 

stood above the sea. The similarity of the stratigraphic sequence at 

Abrahams Cove to that at other sites from which radiocarbon dates have been 
obtained on shells in the lower part of the marine deposits makes it pos

sible to relate the marine limit at those sites to the dates obtained. 

Since the marine deposits belong to a penecontemporaneous wedge of sedi

ment deposited during the deglaciation of the present shoreline, there is 

no possibility that deposits higher than those at the base are younger 

because of on-lap (i.e., transgression) or older because of off-lap (i.e., 
regression). 

Depositional conditions following de glaciation are easier to 

understand if it is envisaged that, immediately prior to overlap, a 

eustatically rising sea level would be high against the front of an ice 

sheet which had depressed the crust beneath its weight. Isostatic recovery 
would be at its most rapid immediately before and after deglaciation of 

present coastal sites. Its rate would be at least three times as great 

as that of eustatic sea level rise. This has been shawn, for example, in 

Arctic Canada (Andrews, 1968a), and at Boston (Kaye and Barghoorn, 1964). 

At the instant of deglaciation, the sea would register a marine limit 

feature against the newly-exposed land area, and its level would be falling 

rapidly as rebound continued. 

Certainly, features that relate to stillstands in the regres

sion of sea level will be seen cut into the first-formed marine features, 
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whether the latter are erosional or constructional. At Abrahams Cove, for 

e xamp le , the back of a beach-ridged terrace surface stands at 80 feet 

above sea level as a regressional feature post-dating the marine limite 

ii. Port au Port. The location of the Port au Port site is shawn on 

Plate VIII, and the sequence of deposits and landforms in figure 39. A 

radiocarbon date of 13,400 ± 290 years B.P. (G.S.C.-1187)2 was obtained 

on barnacle shells collected from a zone of loose, bouldery sands between 

the top of the St. George's River Drift till and the bottom of red-brawn, 

laminated bottomset beds of the Bay St. George Delta. The shells were 

found at five feet above mean high tide level, and once grew on the surface 

of boulders inc1uded in the sand. The scars of these barnacles are still 

plainly visible on the boulders (figure 31). The latter must, therefore, 

have been dropped from the base of floating glacier ice immediately after 

deglaciation of the narraws which once separated the Port au Port Peninsula 

from the main part of the Island. Above the bottomset beds is a thick 

sequence of delta foreset sands and gravels, dipping southwest, that rises 

to a fIat delta surface at about 110 feet above sea level. The surface of 

this raised delta is pitted by kettles above the Port au Port Bay and St. 

George's Bay shorelines. This indicates rapid glacio-marine deposition 

with ice blocks becoming incorporated into the sediment. The marine limit 

is a law, but prominent, bluff where the delta surface abuts against the 

rougher terrain of the St. George's River Drift (figure 40). It is at 113 

2. The shells were collected and submitted for dating by J. M. 
Shearer, Dalhousie University, Halifax, in the course of his awn investi
gations on submarine deposits in Port au Port Bay. l would like to thank 
him for allowing me to include this information in this study. 



Figure 40: The marine lim1 t at Port au Port; the 
junction betWeen the rough til1 surface and the 
SIIloOth raised delta surface is at 113 feet. 

Figure 43: Robinsons Head from the air. Shell 
collection site in far left hand cliff face. 
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Figure 40: The marine limi t at Port au Port; the 
junction between the rough till surface and the 
smooth raise:d delta surface is at ll3 fect. 

Fi;;urc 43: Robinsons Head from the air. Shell 
collL:ctlon site in far left hand cliff face. 
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feet above HHWL. No regressional terraces are seen at Port au Port: if 

one or more were ever formed, they have been destroyed by cliff recession.-

iii. Tea Cove. The location of Tea Cove is shawn in Plate VIII, and the 

sequence of deposits and landforms in figure 41. As mentioned earlier in 

this chapter, Tea Cove is one of two sites investigated during this study 
which yielded a great variety of shell fauna. These are shawn in Appendix 
A. A date of 13,200 ± 220 years B.P. (G.S.C.-937)3 was obtained on a mix-

ture of shells from a stony clay at six feet above HHWL. The clay over1ies 
till of the St. Geo.rge's River Drift and is overlain by horizontally-bedded 

marine grave1s with an open fabric, which were deposited in relation to a 

sea 1evel between 10 and 50 feet ab ove present. These gravels are not 

re1ated to the upper marine limite The northern edge of this beach-ridged 

gravel surface is marked by its junction with a wave-washed til1 surface at 
45 feet above HHWL. This boulder-strewn surface rises to about 70 feet 

near the coastal cliffs and to higher e1evations inland, where it abuts 

against a bedrock cliff. 

The marine limit at this site was not located in the field. The 

gently àlelving surface west of Port au Port Bay was inundated to a greater 
inland extent than the more steeply sloping deglaciated surfaces at 

Abrahams Cove and Port au Port. The age of marine overlap here leads to 

the expectation of a marine limit close in elevation to that at Port au 

Port. But at this elevation the bedrock cliff bounding the law area inland 

3. These shells were collected and submi tted by J. M. Shearer, Dalhousie University. I gratefully acknowledge his permission to include the information in this study. 
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of Tea Cove would have inhibited the erosion of a noticeable feature by a 

sea which was, moreover, being lowered by rapid isostatic rebound. Fur

thermore, the inclusion of an abundance of till materials in the basal 

part of the marine deposits indicates that glacier ice was afloat over the 

western shore of Port au Port Bay. This ice could even have blocked the 

ingress of the sea from the north across the northern end of the Long 

Point peninsula. Yet marine overlap at Tea Coye would still be possible 

via the low valley which forms a natural pas s b etween Port au Port Bay and 

the open Gulf of St. Lawrence. The floor of this valley is below 50 feet. 

Whether overlap occurred through this valley alone or from both the west 

and the north, waves would be ineffective, for reasons of small fetch and 

floating ice masses, in producing noticeable landforms behind Tea Coye. 

On aerial photographs examined after the completion of field work, 1 

noticed linear beaCh ridges on top of a till knoll on the south side of 

the valley mentioned above. The 1:50,000 topographic map shows these to 

be at just above and below 100 feet, so that it can be said that marine 

overlap occurred to at least that elevation. The terrace level at 45 feet 

is a regressional feature. 

le is significant that Port au Port and Tea Cove are the only 

sites around the shores of Port au Port Bay where high marine limits, 

above 100 feet, have been found. These sites are the only ones at which 

marine overlap could have occurred from outside that bay: at Tea Coye from 

the valley to the west, and at Port au Port from the south, across the low 

area whiCh is presently sealed off by a tombolo which joins the peninsula 

to the island. lt is, th erefore , reasonable to conclude that Port au Port 

Bay was ice-fi1led at 13,400-13,200 years ago, after the deglaciation of 
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the St. George's Bay shoreline. 

iv. Robinsons Head. The location of the Robinsons Head site is shown 
-.r 

in Plate VIII, and the ~equence of deposits and landforms in figure 42. A 

radiocarbon date of 13,500 ± 210 years B.P. (G.S.C.-1200) was obtained on 

fragments of shells of 11acoma calcarea in a two-foot layer of brown, clayey 

silt at 114-116 feet above HHWL. The shelly layer overlies ice-contact 

gravels and till of the St. George's River Drift. These rest on M:lssissip

pian bedrock which rises higher in these cliffs than at any other site 

around St. George's Bay. Above the clayey silt layer is a unit of coarse, 

seaward-dipping sands, reminiscent of delta foreset beds, and these are 

overlain by twenty to thirty feet of coarse, cobbly kame gravel of the 

Robinsons Head Drift. The surface of this kame material rises along the 

cliff top to above 300 feet at the prominent summit of Robinsons Head 

(figure 43). 

The shell-bearing clayey silt is not uniform in thickness or 

elevation along the cliff face in this headland. It rises and falls and 

thickens and thins as a reflection of the conditions under which it was 

formed. It is draped over the irregular surface of the glacial deposits 

beneath and thickens in the lower parts and thins over the rises. It is 

not certain to what elevation late-glacial sea water extended here. The 

ll6-foot surface of the shelly layer at the collection site, which is the 

highest level it attains, must be regarded as a minimum since some depth 

of water is required for clayey silt to be deposited. The sands above, if 

they are deltaic, indicate marine activity to 140 feet above HHWL, and this 

fits the regional picture which will emerge as this discussion progresses. 



fI . ..------------------. M. 

ROBINSONS HEAD: Sile of G.SC.-1200 

60 

kamI 

150 

50 ? marine Hmil 
(? for~lel) 
sandl 

40 

silly ah.lla 13,1500 ± 210 
B.P. (G.S.C.-1200) 

100 kamI 
Qrav,ll St. GeorQ"s 30 

Rlv,r Drill 

20 

150 

S.L. 
~----~----------------~ 

S.L. 

Figure 42. Quaternary 
Robinsons Head, 

stratigraphy and landforms, 
St. George's Bay. 

P obin~ol:j:':':: o.!' ~~~:al~r 
Head': :c .. : : ~. 

0 
1 

~ 

MILE 

~ 

~ 

~ 

~ 

~ 
~ 

~ 

r"'\. 
~ 

~ 

106 



107 

The highest possibly- marine. landforms in the vicinity are at 
120 feet, north of the headland, but strong bedrock support is offered 

there, so that the level nature of the surface may not represent marine 

bevelling. The highest definitely marine feature is south of Robinsons 

Head, near Jeffreys.· There, the junction of the Robinsons Head Drift end 

moraine with a terraced delta surface is at 85 feet above sea level. This 
does not represent the marine limit, but the level to which the sea had 

fa1len from the limit at the time the end moraine was being built. If the 
sands above the dated shells in the headland are taken as marine, ~ drop 
of sea level of at least 55 feet is indicated. At Robinsons Head, then, 

marine overlap and deposition of marine deposits was follawed by at least 

a local readvance of ice into the sea when the latter had fallen belaw 

the marine limite 

v. Highlands. The location of the Highlands site is shawn in Plate VIII, 
and the sequence of deposits and landforms in figure 44. A radiocarbon 

date of 13,420 ± 190 years B.P. (G.S.C.-598) (Lowdon and Blake, 1968) was 
obtained on fragments of shells of Macoma~. in a blue-blaCk clay, 12 feet 
above sea level. The clay overlies St. George's River Drift till and is 

overlain by silty bottomsets and sandy foreset beds of the Bay St. George 

Delta. At the collection site, the foreset sands are truncated by a regres
sional terrace surface at 50 feet above sea level. In a coastal cliff 

section at nearby Harbour Head, the foreset sands continue to an elevation 
of 70 feet, where they give way to a compact lodgement till which builds 

the upper part of the cliff to a he1ght of 100 feet (figure 45). The cliff
top summit of Harbour Head is the seaward edge of a narrow lobe of end 
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Figure 45: Lodgement till of Robinsons Head Drift 
over1y1ng foresetbeds of Bay St. George Delta at 
Harbour Head, near Highlands, St. George 's Bay. 
Figure stands at junction. 
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Figure 45: Lodgement till of Robinsons Head Drift 
overlying foreset beds of Bay St. George Delta al 

Harbour lic~él(l, near IIighlands, St. George' s Day. 
J-'igurL' stands :lL junction. 
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moraine of the Robinsons Head Drift. This lobe widens in1and and merges 

with a sheet of ablation moraine. To each side of this summit an SS-foot 

terrace surface abuts against it and extends at approximately this eleva

tion for several miles along the St. George's Bay shoreline towards St. 

Davids to the northeast and Ship Cove to the southwest. Beneath the sur

face of this terrace a zone of boulders can be seen above the lodgement 

tille They have evidently been winnowed from the till durlng the bevell1ng 

which produced the terrace. To each side of Harbour Head delta beds con

tinue to the top of 90-foot cliffs. 

A situation existed here which is comparable to that at Robinsons 

Head. Marine overlap occurred to an undetermined elevation. Deltaic dep

osition ensued, and a local readvance of ice into the sea occurred simu1-

taneously with a stillstand at 88 feet, which bevelled the edge of the end 

moraine and terraced the surface of the pre-ex1sting Bay St. George Delta. 

vi. Cox's Cove. The location of Cox's Cove is shawn in Plate VIII, and 

the sequence of deposits and landforms in figure 46. The sequence of 

deposits is exposed in two separate sites here; one along and just in1and 

of the shor~line, and one about.three quarters of a mile in1and at a higher 

elevation. In the cliffs along the shoreline, sandy and silty clays with 

marine pelecypod and gastropod shells occupy the lawer 25 feet, and are 

over1ain by seaward-dipping sands and gravels which bu11d a terrace surface 

at 70 feet. This terrace slopes up to a junction with a wave-washed till 

surface at 85 feet above HHWL about 100 yards in1and. A regressiona1 

sti11stand is indicated by this terrace. 

About three quart ers of a mile in1and of the shoreline, in a 
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roadside exposure, reddish-brown, laminated, silty clays outcrop to 120 

feet above sea level. She1ls collected from 114 feet have been radiocarbon

dated at 12,600 ± 170 years B.P. (G.S.C.-868). Above these clays seaward

dipping sands and gravels build a steeply sloping terrace surface which 

abuts against a talus slope at the foot of a bedrock wall at 160 feet. 

This junction marks the upper marine limite 

b • Other si tes 

Two more sites are of particular interest in the treatment of 

marine overlap given in this chapter. Radiocarbon dates are not available 

for the marine phase at these places, but a reasoned consideration of their 

topographic situation and the elevation of the marine limita, 1eads to con

clusions which extend the reconstruction of the chrono10gy of marine over

lap to a wider area. 

At Humbermouth, at the head of Humber Arm, Bay of Islands, a 

delta terrace fragment remains on the south side of the arme A vertical 

face, presently being worked for construction materials, over1ooking the 

arm was cut by the marine erosion of a delta that was built across the 

mouth of the Humber River immediately following de glaciation of the Humber 

Arm fjord. Another, more extensive, remnant of this delta is found across 

the arm from Corner Brook, upon which the city cemetery has been estab

lished. The lower Humber delta terrace was built in contact with active 

glacier ice at i ts proximal margine In the working face of the pit in this 

terrace, seaward-dipping foreset beds can be traced up-dip to a junction 

with a massive, compact lodgement tille The till is a product of a glacier 

tongue occupying the lower Humber valley at the time of marine overlap at 
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the head of Humber Arm. The ice-contact face is shawn on Plate VIII. 

The top of the foreset beds in this delta lies at 158 feet above 

HHWL and the topsets are at 163-164 feet. The fjord-side locations a~d 

the comparable elevations of the terraces at Cox's Cove and Humbermouth 

may be taken as indicating their comparable age, i.e., 12,600 years B.P. 

At Trout River, on the open Gulf of St. Lawrence coast, between 

the mouths of the Bay of Islands and Bonne Bay (Plate VIII), is seen the 

most spectacular series of marine terraces to be seen in at least south

western, if not the entire area of, Newfoundland. Figure 47 shows the 

relation of the terrace landforms to the surrounding rugged topography. 

The upper marine lim1t is marked by a junction of washed and untouched 

till surfaces at about 195 feet around the semi-circular cove. Faint 

traces of sim1lar features were seen to about 230 feet above sea level, but 

their positive identification as being of marine origin was not possible, 

so they have been omitted here. Severa! low bluffs mark minor regressional 

st1llstands below the marine limit, between it and the major constructional 

terrace feature at 114-117 feet. Below this latter feature marine levels 

are seen in terraces cut into the sediments of this delta, and in minor 

wave-cut platforms cut across bedroCk on the headlands that project across 

the mouth of the cove. While no dates are ava1lable on marine overlap at 

Trout River, due to an absence of shell fauna, the surrounding topography 

provides evidence that the onset of marine conditions was delayed past the 

time at which it occurred around more gently shelv1ng shorelines, such as 

St. George's Bay. 

The cove at Trout River lies at the seaward end of an immense 

glaciated trough cut through the Bay of Islands Mountains, which provide 
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a backdrop to the cove. Near-vertical walls plunge 2,000 feet from plateau 

surfaces to the level of two ponds in the trough; one nine miles long, 

separated by a low bar from another six miles in length (figure seven). 

These ponds have not been sounded, so the depth of glacial erosion is not 

known, but the surface of the ponds is at sea level, so the trough may weIl 

be a fjord. This topographic situation would be conducive to the waning 

of ice from the shoreline at the same time as in the situations en

countered in the Bay of Islands. 

Marine overlap was not immediately marked by delta building at 

Trout River. Some 80 feet of relative sea level fall occurred before con

ditions conducive to delta building prevailed. This may be explained in 

one of two WiyS. Firs tly, a glacier tongue in the Trout River canyon may 

have been debouChing ite meltwater southwestwards down the valley that 

leads to the sea at Chimney Cove before it poured into the sea at Trout 

River. Se co ndly, there May not have been glacial meltwater available from 

the active ice tongue in the canyon until some time after marine overlap. 

Insufficient evidence is available to permit a more positive explanation. 

Two features of the marine landforms at Trout River mark them off 

fram those seen e~érywhere else in the study area. One is the présence 

of a 50-foot high "fossil" sea stack and of wave-cut notches at the back 

of the lIS-foot delta terrace on the southern side of the cove. Another is 

the flight of wave-cut platforms cut in resistant bedrock on the headlands 

at the mouth of the cove. Both sets of features seem to indicate either 

more prolonged stillstands of sea level than are evident in other areas, or 

more powerful wave energy on this open coastline. The question of regres

sional stillstands will be discussed in Chapter Seven, within the general 
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topic of changes of land and sea level. lt is certainly possible that more 

powerful wave energy can be built up along this, than along a more gently 

shelving, shoreline. Considerable fetch is available in a northwesterly 

and westerly direction and frictional drag on the bottom would not be 

effective until wave trains were close to the land. Little more of value 

can be added here, however, since the investigation did not proceed in this 

direction. 

With this review of the nature and age of late-glacial marine 

overlap, a later glacial event must be dealt with in the next chapter, 

before proceeding to an integrative interpretation of the entire marine 

episode. 



CHAPTER SIX 

The Robinsons Head Drift Event 

1. THE EXTENT AND CHARACTER OF THE LANDFORMS AND DEPOSITS: 
A GENERAL VI EW 

MacC1intock and Twenhofe1 (1940) gave the name "Robinsons Head 

Drift" to a sheet of glacial deposits spread wide1y over the hinterland of 
St. George's Bay. The name recognized the scenic prominence of that head-

land on the eastern shore of the baYe These authors mapped the extent of 

the deposits with remarkab1e accuracy (Plate IV). The on1y doubt arose in 
the Harrys River low1and, but their tentative projection of the boundary 

between better known 10ca1ities has been confirmed in this study. They 

showed that the 10bate margin of the drift sheet was intersected by coastal 
c1iffs along the St. George's Bay shore1ine, and that the drift does not 
occur west of the village of Port au Port. 

MacC1intock and Twenhofe1, and Flint (1940), conc1uded that the 
ice sheet which produced the Robinsons Head Drift moved across a sha110w 

sea f100r; 

The intimate relationship, in sorne of the coastal exposures, between till of this drift and marine deposits suggests that the ice advanced into shallow sea water. (MacClintock and Twenhofe1, 1940, p. 1753.) 

At severa1 points along the southeast coast of St. George's Bay, marine sediments occur interbedded with 10cally thick 1ayers of till, the base of the highest ti11 zone in this re1ationship 1ying at an elevation of 40 feet • • • the relations clear1y indicate active glacier ice moving over a shal10w sea f100r. (Flint, 1940, p. 1776.) 

The most widespread landform within the drift sheet is developed 

on ablation ti1l which mantles the foreland west of the Long Range MOuntains 
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and south of the Lewis Hi Ils • The surface of the till is low and hummocky, 

with a few wide, fIat, boggy areas. In only a few localities was evidence 

of flot., moulding of the till by ice seen (see Plate VIII). Genera1ly, the 

till appears to have been let down on to the surface as the ice sheet 

stagnated. Small areas of rough kame and kettle terrain within the drift 

border attest to local stagnation. In areas closer to the major streams 

draining the fureland, deposits are noticeably more stratified than where 

they can be seen on interfluves. This suggests the presence of abundant 

meltwater concentrated along the lines followed by present streams. In 

topographically favoured situations, eskers occur in this drift. The com

plex esker system in the Harrys River lowland shows magnif1cent examples. 

There, they appear to be related to the large amounts of meltwater pouring 

from the western end of Grand Lake, once that gorge had been produced by 

watershed breaching, and from the flanks of the Indian Head Range. Stag

nant ice conditions are necessary for esker formation, so these are late 

features. These eskers occur at the break in slope between the Indian Head 

Range and the Harrys River lowland, where meltwaters would have been con

centrated. They also lead into two gorges where sediment-charged meltwaters 

played a role in watershed breaching across the north-south axis of the 

Indian Head Range (see Chapter Three). 

The most prominent landform in this drift sheet, however, is the 

kame and kettle moraine which marks its outer limit. In localities such as 

Robinsons Head and Bank Head, kame summits stand up to 300 feet above 

adjacent morainic and terrace surfaces (figures 43 and 48). The moraine 

is most prominent at the distal margins of lobate projections of the 

periphery of the drift. Between these lobes the moraine surface grades 



Figure 48:· Kame-and-kett1e terrain of Robinsons 
Head Drift end moraine at Robinsons Head, viewed 
towards the south from summ1t at near 350 feet. 
Cape Anguille Mountain on sky1ine. 

119 



Figure 48: Kame-and-kettle terrain of Robinsons 
Head Drift end moraine at Robinsons Head, viewed 
tmvards the south from summi t at near 350 fee t. 
Cape Anguille Mountain on skyline. 
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indistinctly into the surfaces of raised deltaic terraces. 

The nature of the Robinsons Head Drift sediments varies according 

to processes of their formation and to the source of the deposits. The 

ablation till is notably coarse, as shown in curves III, IV, and V in 

figure 49. The Irishman' s Brook sample (curve II) was taken from the 

coastal cliffs near Bank Head below the marine limt, and 1ts high silt 

content betrays its subaqueous origine The Harbour Head sample (curve 1) 

is a lodgement till taken from the top of the cliff at Highlands, described 

in section two, Cha.pter Five. Both these localities show evidence that 

ice which deposited these tills moved into the sea across sandy marine 

sediments. 

Elsewhere in southwestern Newfoundland, outside the St. George's 

Bay hinterland, the surface is underlain by a mantle of t1ll which relates 

to the wastage of ice masses into the mounta1n areas. In places, htimmocky 

end moraines are visible adjacent tO'areas of outwash deposited close to 

the level of a regressing late-glac1al sea. The relation of these moraines 

to that of the Robinsons Head Drift in the St. George's Bay area will be 

discussed after the treatment of features seen around that baYe 

2 • THE RELATION OF THE EVENT TO MARINE OVERLAP 

Around St. George's Bay, the margin of the Robinsons Head Drift 

lies close to the shoreline and in several places the cliffs are cut back 

into salient lobes of hummocky end moraine. It is convenient to treat the 

evidence of the sequence of events associated with the formation of the mo

raine with reference to three areas: the Harbour Head to Bank Head section, 

the Harrys River lowland, and the Harmon Field to Port au Port section. 

:". 
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a. The Harbour Head to Bank Head Section (Plate IX) 

This part of the St. George's Bay shore shows two major terrain 
types: the hummocky surface of the frontal lobes of the Robinsons Head 
Drift end moraine, with lower, irregular morainic terrain between and in
land of the lobes, and the level surface of glacio-marine delta fragments. 
The surficial deposits and landforms of the Harbour Head locality and the 
stratigraphy of the cliff section are shown in figure 45. In Chapter Five, 
the nature of marine overlap at Harbour Head was discussed and it was 
concluded that the till in the upper part of the cliff face was deposited 
by ice moving across the surface of a glacio-marine delta. The late

glacial sea level had fallen to 88 feet at this time from a higher marine 
limit stand. River cliff sections in stream valleys in this area show 
marine deposits up to about 200 yards in1and. Ice may have retreated fur
ther inland than this but it is unlikely to have been far more than a 
quarter of a mile. This is indicated by the nature of the junction of the 
Robinsons Head Drift and the marine terrace at this and many other locali
ties around St. George's Bay. The junction is only a quarter of a mile 
inland and is low and indistinct. It shows severa! shallow, flat-floored 
meltwater channels leading from the moraine onto the terrace surface. No 
features indicative of overriding of the terrace surface, or of wave

cutting of the moraine are seen. Only on the flanks of the higher end 
moraine ridge in the cliff face is the zone of boulder concentration 
beneath the 90-foot terrace indicative of wave action. The ice appears, 
therefore, to have surged forward on1y locally and to have merely halted 
in its retreat between the salient end moraine lobes. 

At Robinsons Head coastal cliff sections show marine deposits 
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extending to at least 116 feet above HHWL, and possibly to 140 feet. 

Above the marine deposits, well-stratified kame gravels dip in many differ

ent directions as a reflection of ice-contact depositional conditions~ AD 

example of one cliff section, and the plan form of the end moraine are 

shawn in figure 42. While marine deposits occur to at least 116 feet 

there, glacial deposits of the end moraine are found belaw this elevation. 

It is evident, again, that the local surge with which this part of the 

moraine is associated moved across a sea floor. At Jeffreys, south of 

Robinsons Head, a terrace-moraine junction similar to that at Harbour Head, 

stands at 84 feet. In these two sites, therefore, the evidence indicates 

that the late-glacial sea had been higher than the level of the terrace 

which abuts agains t the moraine,~nd that the reactivation of the ice sheet 

produced local surges, with marginal stillstands in intervening areas, when 

the sea had been lawered to the 84-foot level. 

At Bank Head, stratigraphie relations between marine and younger 

glacial deposits are similar to those discussed above. In the headland 

itself, marine deposits occur only to 80 feet, above which they give way to 

a complex of kame gravels and till pockets which builds the upper faces of 

cliffs to more than 150 feet. End moraine sutllllits inland of these cliffs 

rise to 400 feet above sea level, but it is likely that Carboniferous bed

rock rises higher there than to the north and south. A prominent ice

contact face, with large kettle lakes on its proximal side attests to the 

lobate form of the ice margin here. 

South of Bank Head, coastal cliffs display a sequence of deltaic 

sediments which rises to the cliff tops at 125-130 feet. The surface of 

this delta rises very gently inland for two miles to an indistinct junction 
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with the low terrain of the Robinson Head Drift at 160-170 feet. The 

northern limits of this delta surface, however, are marked by an abrupt 

junction with the lobe of end moraine which builds Bank Head (figure 50). 

While it has been shown that, at Robinsons Head and Harbour Head, the for

mation of the end moraine coincided with the 85-foot sea level stand, the 

delta-moraine junction at 160-170 feet south of Bank Head would seem to 

negate this. The altitude of the junction may, however, be explained as 

the result of a stillstand in ice recession on a delta surface which had 

been built at the marine limit and which remained intact, apparently un

affected by lower terracing. This terracing may, however, have occurred 

further seawards, but cliff recession has destroyed any evidence of it. 

The valleys of Journois, Middle, and Barry Brooks are cut into 

the l30-l60-foot delta surface and they have river terrace fragments pre

served on their sides. Those on the north side of Middle Brook were 

levelled in this work. The back of the bluffs of these terraces, along 

only one survey line, lies at 24, 57, 94, and 117 feet. The 94-foot 

terrace may represent a valley floor graded to the 84-foot sea level which 

was responsible for the terrace flats seen at Harbour Head and Robinsons 

H~ad. This level is also seen north of Bank Head, south of the valley of 

Flat Bay Brook, so that its absence at Bank Head is more likely due to 

cliff recession than to factors which prevented its registration. 

b. The Harrys River Lowland (Plate X) 

The wide, sweeping meanders of Harrys River cut through the end 

moraine of the Robinsons Head Drift at Black Duck, near the road bridge 

across the river. In this area the morainic topography is markedly 
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irregular, exhibiting hummocky kame-and-kettle forme A stagnant ice-front 

is indicated. Further indications of this are seen in the esker system 

which flanks the Indian Head Range, passing wes twards into the over

steepened trough of Long Gull Pond. 

Southwest of Black Duck, Harrys River flows in a seasonally 

flooded, shallow channel, with many bars and high-water channels. Ab ove 

the modern channel are three terrace levels, noticeable only on the west 

side. The extent of the terraces can be seen in figure 51. Spot heights 

obtained by levelling allcn'1 simple longitudinal profiles of the upper two 

terraces to be drawn. The Middle one slopes south-southwest at 1:180 and 

the upper in the same direction at 1:420. The proximal part of the upper 

terrace, at the east end of Long Gull Pond, is at an elevation of 120-130 

feet. It is covered with low ridges of glaciofluvial deposits which are 

sandy "aprons" spread around the distal parts of eskers. This relation 

suggests a synchroneity of esker and terrace formation, but the eskers 

could also be interpreted as later deposits spread over the terrace surface. 

The Middle terrace is at 95 feet above sea level at its proximal 

end, southeast of Long Gull Pond, and is separated from the upper terrace 

by a prominent bluff 50 feet high. Gravel pits cut into this bluff show 

that the deposits of the upper terrace are coarse, well-sorted and well

rounded gravels, mostly of cobble size. They have sub-horizontal bedding 

that is suggestive of torrential deposition by "shooting flow" (figure 

52). Similar deposits are seen in exposures in the second terrace bluff. 

The bluff separating these two terraces has a broadly arcuate form, and 

smali bog rivulets which cross it show a right-angled change of direction 

from perpendicular to, to parallel to, the bluff. This suggests that the 



Figure 51: Terraces on the west sideof the Harrys River lowland. 
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Figure 52:. Coars~ gravels of upper terrace, west 
side of Harrys River Lowland. 
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Figure 52: Course grave1s of upper terrace, west 
side of Harrys River Low1and. 
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bluffs were cut by meandering estuarine channels and that the streams 

developed on the flats which emerged as sea level was gradually lowered. 
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The deposition of the upper terrace gravels could not have begun 

until ice in the Harrys River lowland had wasted back as far as the 

southern limit of glaciofluvial deposits in the Long Gull Pond area (Plate 

X). These deposits meet the proximal margin of the terrace at 120-130 

feet. The higher of these two figures is the elevation of the peat surface 

above the surface of the terrace gravels and the lower figure is the 

elevation of the gravel surface on the shore of Long Gull Pond. The actual 

elevation of the junction of glacial deposits and terrace is, therefore, 

closer to 120 feet, and this May be taken to be the upper marine limit in 

the lowland. 

The midd1e terrace, therefore, represents a regressional still

stand in the lowering of sea level since deglaciation, and May be the 

correlative of the 85 to 90-foot regressional level along the eastern shore 

of St. George's Bay. The proximal margin of this terrace merges with the 

glaciofluvial deposits near BlaCk DuCk, in the same way as that of the 

upper terrace. Since these margina are only 20 feet apart vertically, it 

is possible that the lower terrace was also built in contact with decaying 

glacier ice near that settlement. The rate of sea level lowering has been 

estimated in Chapter Seven at nine feet per century, so that only 200 years 

would separate the formation of these terraces. 

On the east side of the lower part of the Harrys River valley, 

there is no such convenient association of terraces and end moraine which 

enables the sequence of events to be reconstructed. From the edge of the 

modern channel, minor terrace flats, which are probably not related to sea 
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level changes, are bounded by a prominent bluff which marks the distal 

edge of a very wide, gently sloping area upon which no features can be 

detected which would betray its origine This level area itself is bounded 

to the east by a steeper slope which rises on to a level, boggy surface 

underlain by St. George's River Drift (Plate X). Along this break in 

slope, small streams draining northwestwards -cfurilge -: direction to south

west. This suggests that the break in slope is a marine bluff and that 

streams which cross it were extended southwestwards across an emerging 

marine level as the sea was lowered in that direction. The elevation of 

this bluff could not be levelled in this study, but air photographs reveal 

that the foot of it rises gently from about 100 feet to near 200 feet in 

a northeasterly direction. The bluff must be marine in origin up to 120 

feet, since that is the elevation of the upper marine limit on the west 

side of the lowland. But it cannot be marine at higher elevations. The 

level area probably represents a terrace, most of which is of subaerial 

origin, deposited by an earlier Harrys River graded to the marine limit 

elevation of 120 feet. No dissection of the terrace occurred on the scale 

of that which affected the terraces across the river, since the river 

underwent a continuous lateral swing away from the bluff described above, 

to a course closer to the western side of the lowland. It is also possible 

that Trout Brook, a left-bank tributary of Harrys River was responsible for 

depositing this wide terrace. This stream appears to have once continued 

across the terrace in a southwesterly direction, but today turns 90 degrees 

to the right to join Harrys River below the terrace, while a small bog 

stream continues across the latter as the likely beheaded remnant of its 

lower reaches. 
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The wide expanse of St. George's River Drift north of the tide

water inlet of that name was not imlndated during marine overlap since it 

stood above the marine limite Further, it was not subsequently covered by 

Robinsons Head Drift since, upon the decay of ice in this lowland which 

permitted marine overlap to occur, the ice was not reaëeivated to surge in 

lobate projections to seaward as it was in other places alang the St. 

George's Bay shoreline. The MOSt active ice in the Harrys River lowland 

remained along the flank of the Indian Head Range. During its decay, the 

complex esker system was deposited. The southernmost member of this system 

passes into Long Gull Pond. At the stand of the ice margin marked by the 

end moraine at Black Duck, there was, therefore, a lobe of ice in the Long 

Gull Pond trough which fed meltwaters and debris westwards into the late

glacial sea in the Harmon field area. This latter area is discussed below. 

c. The Harman Field to Port au Port Section (Plate XI) 

i. The Harman Field area. Stephenville Pond is a shallow, freshwater 

lagoon, once cut off from the sea by a magnificent series of para1le1 boul

der beaches, but now opened to it by a man-made eut. From the edge of the 

lagoon a steep, scrub-covered, sea cliff rises onto a wide, boggy expanse 

of raised delta standing at 95 feet above HHWL. The delta surface is 

strewn with many shallow ponds. These are kettle holes which indicate that 

delta deposition took place in close association with stagnant ice. The 

proximal margin of this delta surface drops steeply to the floors of irre

gular, deeper kettles which are interspersed with irregular linear and 

conical hummocks of coarse, ill-sorted drift (figure 53). This kame-and

kettle area marks the outer limit of Robinsons Head Drift, and it is 
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contiguous to the east with the esker system in Long Gull Pond, and to the 

west with end moraine topography that trends southwestwards to the shore 

of St. George's Bay near Kippens. 

The moraine-delta relationship indicates that ice did not clear 

the embayment west of the In di an Head Range until sea level had fallen to 

95 feet. At that time the margin of the decaying ice mass was washed by 

the sea at 95 feet and into this sea the Harmon Field delta terrace was 

built. This is, th ere fore , contemporaneous with the formation of the 

middle terrace level in the Harrys River lowland. The deglaciation of that 

lawland, therefore, occurred at a slightly earlier time than in the Harman 

Field area. This can be attributed to the activity of the ice lobe which 

remained in the trough of Long Gull Pond and ice which had flowed from the 

high areas of the Indian Head Range and the Lewis Ri Ils • The probable 

sequence of events is shawn in figure 54. 

ii. The Harmon Field to Port au Port Section (Plate XI). The end moraine 

of the Robinsons Head Drift trends northeast to southwest behind the tawn 

of Stephenville and meets the present shoreline at the western limits of 

the town. Between there and the west side of the mouth of Romaines Brook, 

the coastal cliffs have been cut into the distal margin of the ,moraine, so 

that it is evident that this lobation extended up to one mile beyond the 

present shoreline. The cliff top rises and falls through the surface of 

kame hills and kettle depressions, providing optimal conditions for the 

investigation of the deposits in the cliff faces (figure 55). 

Between Stephenville and Port au Port, the exposures in the cliff 

faces display three kinds of sedimentary and topographic sequences. The 
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Figure 54. 

Evolution of landforms in the Harmon Field area. 

"Bay St. George 
Delta" sea 

level 

a l Delta building with ice front at maximum extent. 

b l 1 solation of ice blocks between ice front and delta. 

Till pitted delta surface 

Pond 

o 2 miles 

cl Present landscape with kames and ketlle lakes behind pitted delta surface. 
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~igure 55: End moraine of Robinsons Head Drift, west of 8tephenville. 
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most common is that where kame and kettles have been cut by the cliffs. 

There, the cliffs show fine-grained marine deposits, with shells, draped 

over the undulating surface of the St. George's River Drift (figure 56). 

Delta foreset beds overlie these to a maximum elevation of 80 feet. Âbove 
these, the regular bedding and uniform texture of the sands give way to 

coarser, unevenly stratified gravels, with many cobbles and boulders, which 
are the kame materials. The summi ts of the kames are at 90-125 feet above 
sea level and they slope steeply down to the floors of breached kettle 

depressions which stand at 25-30 feet. In these kettles, no coarse deltaic 
sediments or glaciofluvium are found. The top of the finer-grained marine 
deposits lies within a few feet of the kettle floor. Apparently, delta 

foreset deposition was prevented in these kettle depressions, but fine

grained marine sediments were laid down. Isolated ice blocks must have 

been present along the present shoreline during delta, and subsequent kame, 
formation adjacent to them. In order that these blocks could prevent delta 
deposition they must have been stranded beyond the wasting ice front during 

the initial deglaciation of the shoreline. However, ice could not have re
treated very far inland since the ice blocks were still present during the 
subsequent formation of kames at the Robinsons Head Drift stage. A closely

spaced sequence of events is indicated in which it is not as meaningful, as 
in localities on the east shore of St. George's Bay, to refer to two sepa
rate glacial events. It appears that, before blocks left by the wastage of 
St. George's River Drift ice could be melted, ice was again present along 
this shoreline and kames were being formed. A short marine phase inter

vened, in which basal fine-grained sediments and delta foresets were 

deposited. 
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Figure 56: Coastal cliffs West of Stephenville, 
showing basal marine silts draped over pockets 
of ice-contact stratified debris half-way up 
cliff-face. Delta foresets above and till at 
base. 
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This conclusion is difficult to harmonize with evidence fram the 

valley of Romaines Brook. There, marine incursion extended almost a mile 

inland of the present shoreline. In a river cliff opposite the western 

side of the large bar which divides the channel of Romaines Brook, silts 

and clays with marine shells occur below delta fores et sands. These, in 

turn, are overlain by till of the Robinsons Head Drift. A greater inland 

retreat of ice may have been possible here due to the topographic "low" 

of the valley which is cut deeply into bedrock. Certainly, great differ

ences in depositional conditions over short distances are called for. 

Another of the three depositional sequences seen in coastal cliffs 

in this section is that which occurs west of Romaines Brook. A l25-foot 

summit west of the mouth of that stream is a kame hill marking the furthest 

extent to the west of the Robinsons Head Drift. Inland of the summit the 

margin of the drift fades indistinctly against the lower slopes of Table 

Mountain (Plate XI). Between this kame hill and the isthmus at Port au 

Port, coastal cliffs rise to a level surface at 100-115 feet &bove sea 

level. The deposits exposed in the cliff faces comprise St. George's River 

Drift till at the base, with delta bottomset and foreset beds above, con

tinuing to the cliff top. They are, then, aIl marine in origin, and the 

sequence of events here has been discussed in Chapter Five. 

The third depositional-topographic form seen in this area is 

restricted to a small stretch of shoreline east of Romaines Brook. There, 

the delta fores et beds have been truncated by a terrace which stands at 

63 feet above sea level. The terrace bluff is cut into the end moraine of 

the Robinsons Head-Drift and, with the river terraces so weIl developed on 

the west side of Romaines Brook, it is the only evidence of regressional 
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sea level stands along this shore. It is significant that these terraces 

are localized here since it was postulated above that the valley of this 

stream appears to have a1lowed the ingress of the late-glacial sea further 

inland than in other localities. Drainage of that embayment during the 

postglacial period of rapid uplift would have left evidence of regressional 

stillstands within it. No doubt these stillstands were in evidence against 

the dis tal margin of the Robinsons Head Drift end moraine all along this 

shoreline, but cliff recession has destroyed their remains. 

In summary, a well-developed marine terrace occurs at the western 

and eastern extremities of this area of Robinsons Head Drift. That at Port 

au Port, at 113 feet above sea level, was formed at about 13,400 years B.P. 

The lower level of the terraee at Harmon Field indieates a slightly later 

formation. Marine overlap oecurred up to one mile inland up the valley of 

Romaines Brook, but the glacier did not retreat far inland of the present 

shoreline in the middle section of the area. Further, in that area, in 

the subsequent Robinsons Head Drift stage, the ice surged beyond the shore

line in a lobe. At Harmon Field it merely halted in its retreat sinee it 

was less well-nourished. 

This discussion of the Robil~ons Head Drift event has been 

restrieted to the evidenee provided in the St. George's Bay area. This is 

partly beeause it is in that area that the stratigraphie and topographie 

relations of the drift are elearly seen. Other end moraines are seen 

north of St. George's Bay, in the valley of Fox Island River and south of 

Serpentine River, but the relations of these to the Robinsons Head Drift 

cannot be discussed until the topie of land and sea level changes has been 

deal t wi th. There is no contigui ty between them and the St. George' s 



Bay moraine and no stratigraphie sections are found. Indirect evidence 

of their position in the scheme of events will be provided in Chapter 

Seven. 
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CHAPTER SEVEN 

Pos tglacial Changes of Level in 
Southwestern Newfoundland 

1. INTRODUCTION 

This section is intended to summarize the discussion of the late-
glacial period of marine overlap in southwestern Newfoundland, presented 

in Chapter Five, in order to provide a 1ink between that chapter and this, 

in which the topic of land- and sea-leve1 changes will be reviewed in its 

entirety. 

Radiocarbon dates on late-glacial overlap of Atlantic wate~s in 
southeastern Canada show that the event occupied the relatively short 

interval between 13,700 and 12,600 years B.P. (figure 57). This rapid 

flooding was assisted by three factors. Firstly, the ice front was being 

calved into relatively warm sea waters. Secondly, because of glacio-

isostatic depression, sea level, Which had been rising eustatically since 

about 17,000 years B.P., was high up on the outer edges of the ice and 

could, therefore, melt large amounts of ice. Thirdly, this ca1ving process 
t'l7as especially rapid along the two arms and main trunk of the deep 

Laurentian Channel. Glaciers were, no doubt, floating at their margins 

above the floor of the Channel whi1e remaining grounded on shallow sea 

bottoms which are now gently shelving offshore zones. Evidence of the 

rapidity of this process is found in the date of 12,940 ± 180 years B.P. 

(G.S.C.-89) (Dyck and Fyles, 1963), for marine overlap on western Anticosti 
Island, and that of 12,410 ± 170 years B.P. (G.S.C.-lOl) (Dyck and Fyles, 

1963), close in Ume to the same event in northern Prince Edward Island. 
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Radiocarbon dates on the start of marine overlap in the Canadien Atlantic Provinces . 

.1 Rodiocarbon - doted site with age X 10:5 yeors B.P. 
. /2,800 ± 450 (W-IOII) 

.2 13,200t200 (G.S.C.-965) 

.3 12,720t 170 (G.S.C.-102) 

.4 /2,670t340 (G.S.C.-IGO) 

• 5 12,940tl80 (G.S.C.-89) 

.6 13,500 ± 210 (G.S.C. - 120üi 
.7 13,700 ± 230 (G.S.C. - 1074) 
.8 12,600 t 170 (G.S.C.- 868) 

---500--- Isoboth in teet. 
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The latter site is 200 miles closer to Cabot Strait than Anticosti Island, 
but is fringed by a gently shelving offshore zone, whereas Anticosti lies 

close to the deep water of the Laurentian Channel. 

Radiocarbon dates from southwestern Newfoundland show that the 

onset of marine overlap occupied the time interval between 13,700 ± 230 

years (G.S.C.-l074) and 12,600 ± 170 years B.P. (G.S.C.-86B). The earlier 
dates are from sites closer to Cabot Strait and at greater distances from 

ice outflow centres. The stratigraphy of marine deposits at radiocarbon

dated sites in the area indicates that the sea flooded the newly deglaci

ated littoral zone to depths ranging from about 90 feet at Robinsons Head 

to more than 160 feet at Cox's Cove. These figures are obtained from the 

altitudinal differences between the marine limit and the surface of glacial 
deposits beneath the marine sediments. Where the marine limit has not been 

obliterated by younger glacial deposits, variation in its elevation is due 
both to the variation in the date of its formation and to differential 

isostatic warping. 

2. THE CAUSES OF VARIATION IN THE ELEVATION OF MARINE LIMIT FEATURES 

The map showing the elevation of ra!sed marine features in south
western Newfound1and, Plate VIII, shows that features generally rise in 

elevation along the north-northeast trend of the coast. DifferentiaI 

isostatic uplift over the area can be immediately suspected as contributing 
to this. However, the demonstrated differences in the age of marine limit 
features further suggests that this has added a complication. Before the 

relative role of each of these factors can be evaluated, it is necessary 

to determine the form of uplift curves from sites where sufficient data 
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are avai lab le. 

a. Isostatic Uplift 

i. General considerations. The derivation of an uplift curve relies upon 

an accurate determination of the fall of sea level in the postglacial 

period, marked by dated, regressional marine features. Each feature has 

been uplifted by an amount equal to its present elevation above sea level 

plus the amount by which sea level itself has risen eustatically since the 

formation of the feature. A trace of absolute uplift through postglacial 

time is obtained by adding to the elevation of each dated horizon a figure 

for eustatic sea level rise since that date. 

In southwestern Newfoundland, the paucity of well-defined, date

able, regressional marine features below the marine limit prevents the 

empirical derivation of an uplift curve for any one site, or even a 

composite curve from a number of sites. The regressional features will 

be .discussed in the follow1ng section, but i t can be said here that they 

are weIl marked in only a few places and, in those places where shell 

fragments were obtained from them, it was impossible to relate the shell

bearing horizon to a stand of sea level. 

In this chapter an indirect approach will be made to the deter

mination of the postglacial changes in sea level. Hypothetical uplift 

curves are derived for two sites for which an elevation and an age for the 

marine lim1 tare available. The method used is that recently developed by 

Andrews (1968a). These curves are used in conjunction with an eustatic 

sea level curve plotted by Shepard and Curray (1967). The picture of the 

changes of sea level derived here is intended only as a model with which 
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available field data can be compared and from which further studies can 

proceed. 

The eustatic changes in the level of the sea since the last 

glacial maximum have been a subject of a debate which began with the wor

kers in the Mediterranean region (Dep{ret, 1926; Blanc, 1937). Flint 

(1957) was able to present only a discouraging picture of the state of 

knowledge regarding glacio-eustatic sea level changes thirteen years ago. 

Since that time, however, the number of studies has increased many-fold, 

although the debate over the significance of results continues. Radio

carbon dating has been of obvious importance in establishing temporal 

equivalence between curves from widely separated areas. 

Today, the number of curves of eustatic sea level rise since the 

last glacial maximum is embarrassingly large for the investigator wishing 

to select one for studies of glacio-isostasy. Unti1 recently, it was 

thought to be suitable to choose a curve which showed the genera1 trend in 

severa! areas of differing stabi1ity, or one which was accurate1y recon

structed for an area thought to be stable. The continental she1f of eastern 

North America, south of the limits of Pleistocene glaciation, has unti1 

recent1y been thought of as re1ative1y stable for the purpose of obtaining 

an eustatic sea 1eve1 curve (Curray, 1965). Many studies in the last few 

years have been directed to obtaining curves from this region (Emery and 

Garrison, 1967; Mi11iman and Emery, 1968; Scholl and Stuiver, 1967; 

Redfie1d, 1967) and Shepard and Curray (1967) have attempted to give a 

unified picture. 

B100m (1967) attributed differences in the postg1acia1 submer

gence histories of sites a10ng the eastern seaboard of the United States 
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to differential sUbsidence of the offshore zone beneath the weight of an 

eustatically rising sea. According to Bloom, and others who have recog

nized this ''hydroisostatic'' effect (Wellman, 1964; Higgins, 1969; Grant, 

1970a), no offshore zone can be regarded as having remained stable during 
the post-maximum submergence of late-Wisconsin time. The difficulty of 

isolating the ''hydroisostatic'' effect from that of eustatic sea-level 

rise, glacio-isostatic uplift, and other tectonic disturbances, poses a 

who le new set of problems in studies of sea level changes, whether or not 

an are a was previously covered by ice sheets. 

In this investigation of glacio-isostatic uplift in southwestern 

Newfoundland, some careful assumptions have to be made in order to estimate 

the form of that uplift. Several questions may be asked. How much crustal 
depression occurred at the glacial maximum? Was this depression in 

isostatic equilibrium with the ice load? What proportion of the depres

sion (if this was in isostatic equilibrium) has occurred as restrained and 
postglacial rebound, and how much has yet to occur as residual rebound? 

Finally, what was the rate of uplift in each interval of time between 

deglaciation and the present? 

The simplest approach to the first question is to view glacio

isostatic depression as the same fraction of former maximum ice thickness 
as the ratio of the densities of ice and the displaced sub-crustal mate

rial. The ice-sheet over western Newfoundland covered 2,SOO-foot summ1ts 

at the glacial maximum. At this stage ice was also grounded on the present 
sea floor where depths today are approximately 400 feet. Further, late

glacial erosion scoured fjords to depths of 800 feet below present sea 

level in the Bay of Islands. If it is assumed that the shallower ris es 
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between fjord basins œpresent parts of the pre-1ate-g1acial valley f1oor, 

ice extended to about 500 feet be10w present sea 1evel. If the 2,500-foot 

summi ts were covered by flowing ice, a thickness of 500 feet can be 

assumed as a minimum. The thickness of iee over wes tem Newfound1and 

at the glacial maximum can, therefore, be estimated at about 3,500 feet. 

Another approach to the es timation of ice thickness is the use 

of empirica1 equations derived for existing ice cap profiles. lhese were 

used in connection vith the discussion of the vertical extent of glaciation 

at the Wisconsin maximum, in Chapter Four. Th.ere, an equation of the form 

h = 100 DO•57 

where h = elevation of ice surface above base, in metres, 
at D; and 

D = distance from ice margin, in ki10metres 

described an ice-surface profile para11e1 to the direction of ice f1ow, 

which gave a minimum thickness of 100 metres of ice over the highest sum-

mits of westem Newfoundland. Those summits are known to have been 

glaciated at the maximum, and fresh erratics atop them attest to the former 

presence of aetively flowing iee. 

Figure 27 shows that Abrahams Cove was over1ain by 840 metres of 

ice. For the fjord site of Cox's Cove, a figure of 1,065 metres is eom-

parab1e to that of 3,500 feet (1,060 metres) estimated for the high-re1ief 

areas from topographie evidenee. The comparabi1ity eannot be viewed over-

confident1y sinee, in the latter case, on1y a reasoned estimate of 500 

feet was made for ice thickness over the highest summits. 

G1aeio-isostatie depression in equi1ibrium with an iee load is 

the same fraction of former iee thiekness as the ratio of the specific 
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gravity of glacier ice to that of the displaced sub-crustal material. With 

a specifie gravity of ice equal to 0.9 and that of sub-crustal material 

equal to 3.3, total depression at Abrahams Cove is given by the following 

calculation, 

840 x 0.9 = ca. 230 metres, or 760 feet 
3.3 

and depression at Cox's Cove by 

1065 x 0.9 = ca. 290 metres, or 960 feet. 
3.3 

The second question, as to the degree of isostatic equilibrium 

attained by the crust in response to ice 10ads as large and as long-lasting 

as those of the Wisconsin ice sheets, continues to be argued~ Many complex 

geophysical considerations need to be accounted, inc1uding the determina-

tion of loads, their duration, and crustal properties, but these are out-

side the scope of this study. Some attempt will be made, hawever, to 

justify the assumption made below, that isostatic equilibriumwas achieved 

between the mass of the Newfoundland ice cap and the crust and mantle 

beneath. 

Gutenberg (1941) showed that the time required to reduce the 

stress resulting from a load on the crust to Ile of a former value, if the 

strain remains constant, is of the order of 3 x 103 years. He wamed 

agains t the confusion of this wi th the time in which the s train is reduced 

to Ile of a former value if the load is removed. This was shawn to be 10 

times that of the former parameter, and it increases with time. Andrews 

(1968a) has reached a sim11ar conclusion from an ana1ysis of arctic 

Canadian postglacial uplift curves. Gutenberg showed that its order of 

magnitude is 104 years. Perhaps this time parameter may be thougbt of in 
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reverse; that is, a similar order of magnitude is required to establish 

isostatic equilibrium with an ice cap load. Crittenden (1970) finds that 

"loads of long wavelength (> 200 km) and of long duration (> 20,000 years) 

will attain isostatic balance with a high degree of precision" (pp. 727-

728) • 

Recent estimates of the duration of the last glacial sub-stage, 

in which ice sheets attained their greatest mass and extent (for example, 

Ericson and Wollin, 1964; Morrison and Frye, 1965; Dreimanis, 1967), agree 

that from 50,000 to 20,000 years ago a glacial maximum was in effect. 

Various authors differ on the status of a warmer period which preceded it, 

and of warm periods within it. Notwithstanding these differences, there 

is general agreement that glaciers were at their widest extent during the. 

period 50,000-20,000 years B.P. This period probably was sufficiently 

long for isostatic equilibrium to be achieved between ice masses and sub

crustal layers. 

The third question posed above, as to the amount of total 

isostatic uplift which occurred before deglaciation, and which has occurred 

since that time, must be approached via the uplift curves themselves, since 

these give an approximation to postglacial uplift. The final question of 

the actual form of postglacial uplift will be discussed in the following 

sub-section. 

ii. Models of land and sea-level change. With these foregoing geoph~sical 

considerations in mind, the form of postglacial uplift in southwestern New

foundland can be discussed. Due to the absence of dated (and dateable) 

marine features belat07 the marine limit, uplift curves will be approximated 



using the general equat10n of Andrews (1968a). Andrews' analysis of 21 

upl1ft curves for si tes in arctic Canada showed that the form of the 

curves was described by the equations 

u' = Ce-kt (a) 

where U' is the amount of up1ift, in metres, remain1ng after ~ years, ~ 

is amount of uplift remaining at t = 0.0 (i.e., recorded postglacial up-

lift), k is a "decay" constant that varies with time, and t is years 

x 103 since deglac1ation, 

and (b) 
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where U is up1ift accompl1shed in ~ years since deglac1at1on, A is a con-

stant for each site which 1s the percentage of total uplift accompl1shed 

in the first 1.0 x 103 years after deglaciation, 1 is a constant (g1ven a 

value of 0.677 for arctic Canada), and is the value by which a preced1ng 

term can be multiplied to give a value for uplift in a time 1nterva1 of 

1. years. 

In equat10n (a) the "decay" constant kwas obtained ''by con

sidering the uplift accomplished in the first 1.0 x 103 years as a per

centage of uplift accomplished in 2.0, 3.0 x 103 years, etc." (Andrews, 

1968a, p. 44). Values for k in equations descr1bing 21 uplift curves in 

arctic Canada range from 0.37 to 0.56, and Andrews attributes these 

departures from pred1cted values to sources of error in determining marine 

Hmi t elevations, posi tions of eus tatic sea level at deg1ac1at1on, and 

rad1ocarbon dating. 
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In this study a k value of 0.40 was used to arrive at an approxi

mate up1ift curve for two sites, Abrahams Cove and Cox's Cove1• Equation 

(b) was not used in this study since the value of i given by Andrews 

(1968a) may not app1y to this area, and the value of A is uncertain. 

At the Abrahams Cove si te, the marine li mi t e1evation is 140 

feet (42.4 metres) and its age is 13,700 ± 170 years B.P. (G.S.C.-1074). 

Eustatic sea 1eve1 rise had attained a 1eve1 of 238 feet (72 metres) be10w 

present at that date, so total recorded up1ift, C, is 376 feet (114 metres). 

A value of 0.40 ~s assigned to k in the formula 

u' = Ce-kt 

which can be expressed in 10garithms to base 10, as 

10g10u' = 10g10114 - (0.4343 x 0.40 x t). 

For values of t from 1.0 to 13.0 x 103 years after deg1aciation, the values 

of U' are given in Table III, page 152. 

At the Cox's Cove site, the marine 1imit e1evation is 166 feet 

(48.5 metres), and its age is 12,600 ± 170 years B.P. (G.S.C.-868). With 

the eustatic correction, the total postg1acia1 up1ift recorded is 366 feet 

(112 metres). Table IV (page 153) shows the values of up1ift remaining in 

each 1,000-year interva1 after deg1aciation, and the percentage of total 

uplift taking place in each interval. 

The up1ift curves p10tted from the U' values shown above are 

1. This value was advised by J. T. Andrews (persona1 communication, 
1970). 



TABLE III 

POS1'GLACIAL ISOSTATIC UPLIFr AT ABRAHAMS COVE, 
ST. GEORGE'S BAY 

152 

Years x 103 
after 

deg1aciation 

u' 
up1ift re
maining 

(m) 

% total 
uplift 

accomplished 

% total uplift 
accomp1ished a 

(in Andrews, 1968a) 

1 76.4 33.0 33.0 ± 4.4 

2 51.2 55.0 56.0 ± 5.7 

3 34.3 70.0 70.4 ± 5.8 

4 23.0 80.0 80.2 ± 5.4 

5 15.4 86.5 86.5 ± 4.5 

6 10.3 90.0 91.1 ± 3.7 

7 6.9 94.0 93.9 ± 2.9 

8 4.6 96.0 94.4 ± 3.0 

9 3.1 97.0 97.4 ± 1.9 

10 2.1 98.0 100 

Il 1.4 99.0 * 

12 0.9 99.3 * 

13 0.6 99.5 * 

aAndrews, 1968a, Table II, p. 42. 

*Andrews did not continue his up1ift curved beyond 104 years after the deg1aciation of a site. 



TABLE IV 

POSTGLACIAL ISOS~TIC UPLIFT AT COX'S COVE, 
BAY OF ISLANDS 

3 Years x 10 
after 

deg1aciation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

12 

uf 

uplift re
maining 

(m) 

75.1 

50.3 

33.7 

22.6 

16.2 

10.2 

6.8 

4.6 

3.1 

2.1 

1.4 

0.9 

aAndrews, 1968a, Table II, p. 42. 

*see footnote Table III. 

% total 
uplift 

accomp li shed 

32.5 

55.0 

70.0 

80.0 

85.0 

91.0 

94.0 

96.0 

97.0 

98.0 

98.7 

99.2 

% total uplift 
accomplished 
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(in Andrews, 1968a)a 

33.0 ± 4.4 

56 ± 5.7 

70.4 ± 5.8 

80.2 ± 5.4 

86.5 ± 4.5 

91.1 ± 3.7 

93.9 ± 2.9 

94.4 ± 3.0 

97.4 ± 1.9 

100 

* 

* 



shawn in figures 58 and 59. The percentages of up1ift achieved in each 

1.0 x 103 years c10se1y conform to the average ca1cu1ated by Andrews· 

(1968a) • 
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On the mode1 of land and sea 1eve1 change at Abrahams Cove 

(figure 58), the eustatic sea-1eve1 curve is taken from Shepard and Curray 

(1967) after 16,000 years B.P. The resu1tant of th~Sé two curves is the 

curve of the position of sea 1eve1 relative to present through time. A 

rapid fa11 of 9 feet (2.7 metres) per century in the first 1,000 years 

after deg1aciation, and a rate only sl1gbt1y 1awer for the next 1,000 

years·, caused sea level to reach its present leve1 at about 11,800 years 

B.P. The up1ift rate first equa1led the eustatic rise of sea leve1 at 

10,000 years B.P., and a maximum emergence of 33 feet (10 metres) 1asted 

for the next 800 years. Fo11ow1ng that, eustatic sea-level rise was 

greater than uplift and submergence occurred baCk up to present sea 1eve1. 

According to this mode1, sea 1evel has been higber than 16.5 feet (5 

metres) be10w its present leve1 since 7,600 years B.P. 

These models of pos tglacial sea 1eve1 change can be used to 

evaluate the contribution of (i) the variabil1ty in the ages of marine 

lim1t features and (ii) differential isostatic warping, on the e1evation 

of these features. They a1so provide a basis for a discussion of re

strained rebound (sub-section v). 

ii1. The effect of variable age on the elevation of marine 1im1t features. 

The radiocarbon dates from the sites discussed in Chapter Five indicate a 

general synchrone1 ty of marine overlap of the shores of St. George' s and 

Port au Port Bays. If the standard error is subtracted from the oldest 



" 

50 
Marine Limit 

regressional 
terrace 

Figure 58. 

A MO DEL OF POSTGlACIAl lAND AND SEA-lEVEl CHANGE 
AT ABRAHAMS COVE, ST. GEORGE' S BAY 

42.4 m asl, 13700!230 B.P. (GS.C-1074) 

maximum emergence 

le / ~ 

peat at seo lever 01 St. George's 
7340 !220 B. P. (G, S .C. - 1145) 

e 

S. L. 
/ 8 14 6 4 2 o o~---------L-s-e-a~l~e-v~e~1 ~pa~s~s~e~s~~~~::==~~==::::====::~~~~~::::~::::======~======--~X~I~0~3~r-O-d~i-oc-o-r~b-O-n--Ye~o~rs B.~ below present 

VI 
W 
oc 
f-
w -50 
::E 

-100 

'uplifl curve' from U ': Ce-kt (Andrews, 19680) - see text 

,', bond of rodiocarbon error 

"-II4m 

~ 
\JI 



--

50 

Figure 59. 

A MODEL OF POSTGLACIAL LAND AND SEA-LEVEL CHANGE 

AT COX'S COVE, BAY OF ISLANDS 

50m 0.5.1. Marine Limit (12,6001170 B.P.,G.S.C.-868) 

27m 0.5.1. terrace 

14 12 8 6 4 

e 

2 a 
S. L. 

1 r: a e e e C è 

e e 3 
(/) 

W 
Il:: 
1-
W 
~ 

-50 

-100 

X 1 a rodlocorbon yeors 

eustotic seo level 
(Shepord and Curroy,1967) 

~ 
'uplift curve' from U': Ce-kt (Andrews, 19680) - see text 

... " bond of rodiocorbon error 

-112 m 

.... 
VI 
0\ 



157 

date of 13,700 ± 230 (G.S.C.-l074, from Abrahams Cove) and added to the 

youngest date of 13,200 ± 220 (G.S.C.-937, from Tea Cove) there is a dif

ference of only 50 years. The range in the central value of each date 

(see Table II), might suggest that there is no reason to suspect that 

variations in marine limit elevations are due to the different dates of 

their registration. However, the rate of isostatic uplift in this time 

interval should be taken into account. 

Andrews (1969) has pointed to the necessity of considering the 

standard error of radiocarbon dates in comparing the elevations of late

glacial marine features. He asserts the necessity of doubling the la error 

quoted by the dating laboratory, so that there is a 95.45% chance of the 

radiocarbon age being included within the given limits. If a 2a error is 

applied to the dates from St. George's Bay they can aIl be considered to 

be equal. 

While l recognize the uncertainties introduced by considering 

only the central values of the dates, l feel that this is justifiable in 

the case of the present study because, firstly, of the scanty nature of the 

evidence which is available from western Newfotmdland, and, secondly, be

cause of the importance of arriving at even a tentative reconstruction of 

dateable events in that area. 

The events wi th which this s tudy is concerned occurred between 

approximately 14,000 and 12,500 years ago, and the standard errors of the 

radiocarbon dates range from 170 years to 290 years. In contrast, in the 

areas from which Andrews drew the above conclusion, deglaciation occurred 

7,000 to 8,000 years ago, and standard errors on radiocarbon dates range 

from 110 to 175 years. Obviously, a great degree of accuracy is 
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unattainable at present in the area under discussion here, and the tenta

tive nature of the conclusions must be stressed. To some extent their 

validity can be judged by their internaI consistency and by that displayed 
with respect to supp1ementary data to be discussed 1ater in this chapter. 

The isostatic uplift curve for Abrahams Curve shows a rate of 

uplift of 3.63 metres (12.0 feet) per century between 13,700 and 12,700 

years B.P. With a eustatic sea· level rise in the same interval of about 

1 metre (3.3 feet) per century, sea 1eve1 would be fa1ling at 2.63 metres 
(8.7 feet) per century. The 500-year range of ages for marine limit 

features in St. George's and Port au Port Bays cou1d a10ne produce a range 
of marine 1imit elevations of 5 x 2.63 or 18.15 metres (43.5 feet). It is 
noteworthy that the e1evation of the dated marine 1imit at these sites, 

from at 1east 100 feet at Tea Cove to 140 feet at Abrahams Cove, is 

approximate1y the same as the range which cou1d be due to their different 

ages. 

The date of 12,600 ± 170 years B.P. (G.S.C.-868) for the marine 
1imit at Cox's Cove, Bay of Islands, shows that deg1aciation of the fjord 

was de1ayed by up·to 1,100 years after the ice first cleared the gent1y

shelving shoreline of the salient Port au Port Peninsu1a. It has been 

argued above that a delta terrace at the head of Humber Arm, Bay of 

Islands, is the same age as that at Cox's Cove, so that the entire bay was 
ice-free by 12,600 years ago. Th~.upper marine 1imit in the bay is at 

160 feet (48.5 metres), 20 feet (6.1 metres) higher than the highest limit 
at the St. George's Bay area. If the rate of sea level fal1 between 13,700 
and 12,700 years B.P., calcu1ated above, is app1ied to the 1,100-year inter
val between the Cox's Cove and Abrahams Cove dates on the marine 1imit, 
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96 feet (29.1 metres) of emergence (i.e., uplift less eustatic sea level 

rise) occurred at Abrahams Cove between deglaciation there and the same 

event at Cox' s Cove. Expressed another way: if the date of the marine 

limit was 13,700 years B.P. at both sites, the marine limit at Cox's Cove 

would now stand at 256 feet (74.5 Metres), rather than 160 feet (48.5 

metres). This reasoning does not take into account the possible greater 

rate of isostatic uplift at Cox's Cove in that time interval, which would 

have occurred if, as seems reasonable, that site lay closer to a centre of 

ice loading at the glacial maximum. The hypothetical figure calculated 

abovè can be interpreted as a minimum. The implications of these differ

ences in the age of the marine limit for the reconstruction of regional 

isobase trends are discussed in subsection iv of this chapter. 

iVe Differentia! isostatic warping. In the most general sense the eleva

tion of marine limit features shows arise towards the north-northeast 

along the southwestern Newfoundland littoral. Features near 140 feet in 

St. George's Bay, 160 feet in the Bay of Islands, and at 195 feet at Trout 

River can be used to illustrate this trend (Plate VlII). If the effects 

of the younger age of marine limits in the Bay of Islands and at Trout 

River are accounted for, the difference in absolute amounts of uplift ex

perienced between south and north is even more marked. Apparently, differ

ential isostatic uplift has occurred since de glaciation and it shows a 

strong component along the general north-northeast trend of the coastline. 

Difficulties arise in attempting to construct isobases of equal 

uplift on the marine limit in this area. Obviously, the greatest obstacle 

is the variabili ty of marine limi t ages. But, even where radiocarbon ages 
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are comparable, suCh as at Abrahams Cove and Robinsons Head, or at Port au 

Port and Highlands, the elevations are so similar over wide areas that the 

drawing of one isobase with an exclusive trend is impossible. For example, 

""",~ the marine/at Abrahams Cove is at 140 feet, at Robinsons Head it i8 near 

140 feet, south of Bank Head it i8 near 145 feet. An isobase could be 

drawn between Abrahams Cove and either Rob:l.nsons Head or Bank Head, or 

between the latter two sites. Obviously, the problem cannot be surmounted 

using the ages and actual elevations of the marine limits. 

A tentative solution to the problem can be offered here. l am 

aware of its shortcomings, but feel that the method to be discussed gives 

an indication of at least the direction of isostatic warping, if not the 

real values on eaCh isobase. lt is the direction which is important in 

this area, since the conclusion of Flint (1940), that Labrador ice had 

invaded western Newfoundlabd, was based upon the trend of isobases which 

he recons tructed on upper marine features. His conclusion cannot be 

harmonized with the evidence of ice-flow directions at the Wisconsin 

maximum. 

The method used here is based upon the rate of the fall of sea 

level from the marine limit at Abrahams Cove, St. George's Bay. This rate 

is calculated by subtracting from the isostatic uplift rate (fram Andrews 

formula) the rate of eustatic sea level rise. A rate of 8.7 feet per 

century resul ts • Abrahams Cove was chosen as i t is the si te from which 

the earliest date of marine overlap in the area has been obtained. Figure 

60 shows the measured and estimated elevations of selected marine limits 

in the study area and, where available, their radiocarbon ages. The 

hypothetical elevations of marine limits were then calculated for aIl the 
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sites except Abrahams Cove, on the assumption that they were deg1aciated 

at the same time as that site, 13,700 years B.P. The number of centuries 

of difference in the central values of the radiocarbon age at Abrahams Cove 

and other sites was mu1tip1ied by 8.7. Three sites were then chosen as 

the api ces of a triangle which enab1ed a line to be drawn j oining two 

sites with equa1 e1evation on this hypothetica1 "marine 1im:f.t" plane. The 

resultant 1ine was taken to be orthogonal to the regional isostatic warping 

direction, and para11e1 "isobases" were drawn through sites, using the 

hypothetica1 marine limit e1evations (figure 60). The Unes which pass 

through Humbermouth-Cox's Cove and Trout River give a gradient to this 

warped plane of two feet per m:f.1e towards the northeast. Continuation of 

this gradient into the St. George's Bay area shows how close are the 

isobase values on the hypothetica1 marine 1im:f.t to actual marine lim:f.ts at 

sites where deg1aciation was approximate1y simultaneous with that at 

Abrahams Cove. 

This method of determ:f.ning the regional trend of isostatic warp

ing may be checked agains t another which a1so arises out of the uplift 

curves. From curves drawn for Abrahams Cove, Cox's Cove, and Trout River, 

the e1evation of sea 1eve1 relative to present may be determined at these 

sites at any particu1ar date. If, for examp1e, the date of 10,000 years 

B.P. is chosen, sea 1eve1 stood at -7 metres at Abrahams Cove, 8 metres 

at Cox's Cove, and 11 metres at Trout River. The triangle method shows 

that isostatic tilt since that date has approximately the same trend as 

that demonstrated to have occurred since 13,700 years B.P. The trend of 

isobases on the 10,OOO-year plane is a few degrees north of that on the 

l3,700-year plane. This might be due to arithmetical error arising out of 
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the use of two different methods. However, such a change in the warping 

trend would be expected if remanent ice masses over the western interior 
of Newfoundland exerted a greater influence on the pattern of recovery 

than during the earlier period when thick ice had jus t begun to clear the 

western coastal area. 

The direction of isostatic warping found by these methods is 

approximately at right angles to that reconstructed by Flint (1940). The 

simples t exp1anation of such a trend is to calI for a thickening of 

Wisconsin ice towards the northeast over western Newfoundland. This is 

~ot impossible to comprehend, but i t conflicts wi th the ice-flow directions . , 
'\' 

knowri for the area: a glacier whose surface sloped up towards the north-

eas t would not flow towards the wes t at i ts maximum development. 

It was shown in Chapter Four that the western part of the island 
of Newfoundland was glac1ated by an ice cap flow1ng westward from highland 
centres of outflow over plateaus that presently lie between 2,000 and 

2,600 feet in elevation. It would be expected that such an ice cap had a 
considerable effect on crustal depression at the glacial maximum, and that, 

during its decline, local remnant ice masses would have had their own 

individual effects on restrained rebound rates. 

The probable dimensions of the ice cap that covered southwestern 
Newfoundland whi.ch are inferred in this study add to the suspicion that it 
would have had a noticeable effect on crustal warping in the study area. 
Nevertheless, if it is agreed for the sake of argument (since, it must be 

admitted, there is no indisputable evidence in favour) that the Laurentian 
Channel accommodated much of the active flow of ice from Labrador and 

directed it towards Cabot Strait, the possibility of a component of 
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isostatic depression towards the Channel cannot be overlooked. 

Broecker (1966) has developed a model to relate ice cap thickness, 
rate of ice retreat, and isostatic deformation of proglacial lake shore
lines. One of the implications of his model, which fits observed facts 
tolerably weIl, is that "the strength of the crust is sufficiently small to 
prevent the lateral influence of a continental ice sheet from extending 
more than a few tens of Kilometres beyond i ts margins" (p. 4777). 

On the other hand, Walcott (1970), using the same uplift data 

from the warped Lake Algonquin shoreline, arrived at a figure of 180 ± 30 
Kilometres for the outer limits of depression. Differences in the initial 

assumptions made by these authors may account for the divergence of opinion. 

The longi tudinal axis of the northeas t arm of the Laurentian 

Chapnel lies 85 Kilometres from the mouth of the Bay of Islands, western 

Newfoundland, so that according to Walcott one can expect a component of 
warping due to ice filling, and probably over-filling, the Channel, which 

is approximately 1,200 metres deep. The trend of isostatic warping in 

southwestern Newfoundland, tentatively established in figure 60, may repre
sent a combinat ion of warping components, one up towards the axis of the 
Laurentian Channel, and the other up towards the axis of the Long Range 

Mountains. The question of whether the Newfoundland ice cap had a greater 
effect on the warping of a sea level plane below the marine limit is an 

interesting one for future research. 

These views were anticipated both by Daly (1921) and by Flint 

(1940), a1though both drew an oversimp1ified and incorrect picture of the 

form of postglacial up1ift over the is1and. 

The foregoing solution to the prob1em of determining the regional 
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trend of isostatic warping in this area must be considered tentative by 

virtue of the fact that the crucial variable, the rate of sea level fall 

in the early pos tglacial interval, was ob tained using an hypothetical 

uplift curve. Some degree of confidence may be placed in it, hawever, for 

two ressons. Firstly, the upllft curve itself cannot vary significantly 

in form from that given by Andrews' equation since the only source of error 

is in the proportionality or "decay" constant, k. The value chosen for 

the two curves cons tructed here lies in the lower part of the range shawn 

in Andrews' 21 equations for sites in arctic Canada, and is a value chosen 

in consultation with Andrews (personal communication, 1970). Secondly, 

while the form of the upllft curve may depart somewhat from that shawn, 

all the computed values of marine llmi t elevations on the synchronous plane 

formed at 13,700 years B.P. would change in the same direction by propor

tioned amounts, so that the trend of hypothetical "isobases" would remain 

the same. 

v. Restrained rebound. Andrews (1968b) has emphasized the three-phase 

nature of the isostatic rebound process. The first phase occurs while 

ice is still present over a site, as "restrained rebound." Recorded "post

glacial rebound" is marke~ by the sum of the elevation of a raised feature 

above sea level and the eustatic sea level rise since the feature 's for

mation. "Residual rebound" is that part of total rebound which has yet 

to occur. 

The only way in which the rate or duration of restrained rebolmd 

can be estimated is through the comparison of marine limit elevations at 

two sites where deglaciation occurred at different times. If no 



differential isostatic warping has occurred between them, a rate of 

restrained rebound can be calculated thus 

where Urr = rate of restrained rebound 

Hl' H2 = elevations of marine limits at sites 1 and 2 

Al' A2 = ages of marine limits at sites 1 and 2 
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E = rate of eustatic sea level rise between Al and A2• 

Dates from Abrahams Cove and Cox' s Cove can be used to estimate 

the rate of restrained rebound in southwestern Newfoundland. These two 

sites, however, have been isostatically uplifted by different absolute 

amounts (rather than merely showing different amounts of postglacial uplift 

due to the difference in the deglaciation dates). In the tentative recon

struction of the elevations which selected marine features would have at 

present if they had been deglaciated at the same time as Abrahams Cove, 

i.e., 13,700 years B.P., the resultant hypothetical marine limit plane 

slopes up towards the northeast. There is a difference in the hypothetical 

marine limit elevations at Abrahams Cove and Cox's Cove of 105 feet (32 

metres). This is the real amount of differential uplift which has taken 

place between the two sites since 13,700 years B.P. 

If this figure is sUbtracted from the actual elevation of the 

marine limit at Cox's Cove, the northerly and most uplifted of the two 

sites, a figure of 55 feet (16.6 metres) is obtained. This is an approxima

tion to the marine limit elevation at Cox's Cove if no differential uplift 

had occurred between there and Abrahams Cove. The marine limit at Abrahams 
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Cove now stands at 140 feet (42.4 metres), so that 140 minus 55, or 85, 

feet (26 metres) of restrained rebound took place at Cox's Cove between the 

deg1aciation there and the deg1aciation of Abrahams Cove. That time inter-

val is approximately 1,000 years. Therefore, restrained rebound occurred 

at a rate given by 

(85 + E) 
(10 

where E is the rate of eustatic sea 1eve1 rise in the above interval. 

This last was approximately 3.3 feet (1 metre) per century, which gives a 
-

rate of Il.8 feet (3.60 metres) per century for restrained rebound between 

13.7 and 12.7 x 103 years B.P. 

G1acio-isostatic depression at Abrahams Cove has been estimated 

at 230 metres, and at Cox's Cove at 290 metres. Recorded postg1acial up-

lift at Abrahams Cove is 114 metres. Assuming that this uplift has Just 

been completed at the present day, 230 - 114 = 116 metres of uplift took 

place before deg1aciation. At the rate of 3.60 metres per century, re-

strained rebound began 3,200 yearll before deg1aciation, or about 16,900 

years B.P. At Cox's Cove, recorded postglacial up1ift is 112 metres, 

therefore, 290 - 112 = 178 metres of up1ift occurred before deglaciation. 

At the above rate of restrained rebound, uplift began 4,900 years befora 

deg1aciation or 17,500 years B.P. The calcu1ations assume that uplift has 

on1y Just been completed, and that the calcu1ated rate of restrained 

rebound was constant from the start. The first assumption seems to be 

justified from the evidence of rising tide levels in southeastern Canada 

(Dohler and Ku, 1970), and submerged peats and a submerged forest bed 

(Grant, personal communication, 1970) in the study area. Also, Andrews 



(1970) shows uplift in the area to be less than 0.1 metre per century at 

present. Tne second assumption is, admittedly, 1ess firmly based and is 

the subject of continuing debate. 

3. REGRESSIONAL MARINE FEATURES AND THEIR INTERPRETATION 
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The discussion of regressional marine features has been post

poned to this section since they provide very litt1e evidence from which an 

uplift curve could be derived. These features cao now be viewed within the 

framework provided by the foregoing tentative reconstruction of postglacial 

land and sea leve1 changes. 

The form and dis tribution of marine features below the marine 

limit is shown in Plate VIII. Usually only one feature at a site is at all 

prominent. The subdued form or complete absence of other features can be 

exp1ained by the rapid rate of sea level lowering after deglaciation. 

Marine landforms recording a stillstand in the position of sea level were 

developed rapidly during a total availab1e period of between 2,000 years 

(shawn in the Abrahams Cove model) and 3,000 years (shawn in the Cox's 

Cove model). 

a. Terraces 

i. The Robinsons Head Drift moraine-terrace junction and the age of end 

moraines. In St. George' s Bay a prominent regressional s tills tand is 

marked by the terrace surface formed penecontemporaoeous1y with the end 

moraine of the Robinsons Head Drift. This terrace is at close to 85 feet 

along the east shore of St. George's Bay and fragments of terraces are at 

84 feet at the mouth of Romaines Brook, 80 feet at Abrahams Cove, and 92 
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feet at Cape St. George. At Harman Field, the surface of a delta built 

into the sea in contact with ice of the Robinsons Head Drift "maximum," 

lies at 95 feet. While the difference in the elevation of these terraces 

is real and requires explanation, it cannot be called real when trans

ferred to the curve of falling sea level at Abrahams Cove. The error 

attached to the radiocarbon date on the marine limit there necessitates 

the drawing of a "band" of isostatic uplift and, therefore, sea level 

lowering. The 85-95 feet values for the terrace fragments are enclosed by 
the band of error. The curve shows, however, that sea level had fallen to 

85 to 95 feet above present approximately 13.0 x 103 years B.P. 

A radiocarbon date of 12,600 ± 170 years B.P. (G.S.C.-868) for 

the deglaciation of Middle Arm, Bay of Islands, and, by analogy, for the 

fjord-head stand of ice in that bay and Bonne Bay, indicates that this 

stand was not correlative with the Robinsons Head Drift event around St. 
George's Bay. At the date tentatively assigned to the latter event in this 

bay the fjords of the Bay of Islands and Bonne Bay were still ice-bound and 
any reactivation of the ice margin, if it affected ice in these bays, would 

have produced features now drowned by sea· level rise. 

The interpretation made of the date of 13,200 ± 220 years B.P. 

(G.S.C.-937) for the influx of marine waters over Tea Cove, West Bay, Port 
au Port suggested that Port au Port Bay was still ice-bound at the time the 
Robinsons Head Drift event was affecting the shores of St. George's Bay. 
This is further indicated by the absence of raised marine features around 

Port au Port Bay comparable in elevation to the "85-foot" terrace formed 
against the end moraine of that drift. An end moraine in the lower valley 
of Fox Island River (Plate VIII) cannot, therefore, relate to the Robinsons 



Head Drift event, since the ice margin lay around the shores of Port au 

Port Bay: it must be younger. 
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The delay in the deglaciation of Port au Port Bay, past the time 
when the shores of St. George's Bay became ice-free may tentatively be 

explained as follows: 

As late-glacial marine waters extended farther and farther north
eastwards up the arm of the Laurentian Channel off western Newfoundland, 
the margin of ice flowing from the coastal mountains over the Port au Port 
Peninsula would have been calved into a northeast-southwest orientation 

above the edge of the Channel. Immediately prior to the marine overlap of 
the south shore of the Port au Port Peninsula, at 13,700 years B.P., ice 
flow had been oriented generally north to south over the peninsula. With 

the calving of the ice margin to a southwest-to-northeast orientation off 

the west coast of the peninsula and north of it, ice flow would be induced 
to return to its direction at the glacial maximum, to the west. This flow 
off the Lewis Hills migh t have been responsible for severing a low lobe of 
ice in Port au Port Bay from its source of nourishment. The sequence of 

ice margin changes is shawn in figure 61. 

The end moraine in the lower Fox Island River valley has been 
assigned to an age younger than 13,000 years B.P. Similar morainic 

features along the northern foot slope of the Lewis Bills can be assigned 

to this ·position. These features and associated marine landforms are 

depicted in Plate XII.and an aerial photo of the features is shawn in figure 
62. If the fjord valleys of the Bay of Islands were not flooded by marine 
waters until 12,600 years B.P., it is reasonable to suppose that the area 
south of Serpentine River and north of the Lewis Bills was not ice-free 
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before that time. Ice f10w wou1d have been at 1east as active in the 

latter area as in the fjords. Marine 1andforms in the area south of 

Serpentine River have been found up to an e1evation of 130 feet above sea 

1eve1. A 30-foot high bluff, the base of which is at 130 feet, is cut 

into the seaward edge of a fan of debris deposited in front of 4n end 

moraine at the mouth of Rope Cove canyon (figure 62). This end moraine 

is contiguous wi th that bui1t in contact wi th an ice lobe in the trough 

now occupied by Serpentine Lake. 

In orde"r to provide a tentative date for these morainic features, 

reference must be made to the reconstruction of the regiona1 trend of iso

static warping (figure 60). That figure shows that there is a difference 

of about 40 feet in the hypothetica1 e1evations of marine 1imit features 

at Cox's Cove, Bay of Islands and the area south of Serpentine River. 

These e1evations are those which the features would have today if they had 
been formed at 13,700 years B.P. There is a difference in the actua1 

e1evations of marine 1imi t features in these two areas of about 30 feet, 
which suggests that they are comparable in age. Since a radiocarbon date 

of 12,600 ± 170 years B.P. (G.S.C.-868) is avai1ab1e for the features in 
the Bay of Islands, a simi1ar age can be assigned to those seen south of 

Serpentine River. Those end moraines are of the same age and, therefore, 

are comparable to the fjord-head stand of glaciers in the Bay of Islands. 

ii. Other terraces. In the fjord-head and fjord-side 10ca1ities in the 

Bay of Islands and Trout River where marine over1ap was examined, another 

prominent regressiona1 terrace lies be10w the marine 1imit. At Cox's 

Cove, this stands at 85 feet above sea 1eve1, or 75 feet be1ml the marine 
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limite At Trout River, a delta terrace at 115 feet stands 80 feet belaw 

the highest discernible marine feature. Since Cox's Cove was not deglaci
ated until 12,600 ± 170 years B.P. (G.S.C.-868), and a comparable date may 
be given to that event at Trout River, these terraces cannot be the same 

age as those seen at 85 to 90 feet around St. George's Bay. According to 
the model of land- and sea-level changes at Cox's Cove, sea level would 

have fallen to 85 feet at Il,800 years B.P., and at Trout River it would 

have fallen to 115 feet at the same date. The date of Il,800 years B.P. 

for the 8S-foot and lIS-foot terraces at Cox's Cove and Trout River, 

respectively, is the same as that at which sea level passed below present 
datum at Abrahams Cove (figure 58). 

Relatively little attention was paid to lawer regressional 

features in this study. Flint (1940) collected a great deal of data on 
such features between Port au Port Bay and Bonne Bay, and drew isobases on 
a surface which included them. He called this the "Bay of Islands Surface," 
and showed it sloping up in the direction N20oW, from a zero isobase through 
Stephenville, to 100 feet through the head of Bonne Bay (Plate V). The 
direction of tilt on this surface is approximately the same as that on the 

surface Flint reconstructed on the highest observed marine features. l 
have proposed that tilt actually slopes up tawards the northeast, rather 

than the north-northwest. lt is difficult to see how a lower, therefore 

later, and presumably synchronous surface, such as the "Bay of Islands 
Surface, If could have such a different direction of tilt. 

There is cause to calI many of the elevations shown in Flint 
(1940) into question. In cases t~here l am able to agree with his identifi
cation of a feature, nawhere do l agree with the elevation he has shawn for 



~igure.63:· Trout Rivel' v:L~ge,' v:Lewed' towards the 
west· frOm the road . to Bonne Bay.', Upper' marine limi t 
at 195 feet in foreground; main~"l15-foot"delta terrace.1n middle 'distance, and lower, rock-eut 
platfo~s aboveheadland (see figure 47). 
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Figure 63: Trout River village, viewed towards the 
west fron the road ta Bonne Bay. Upper marine li~it 
at 195 [(.;ct in foreground; n!ain "lIS-foot" delta 
tcrrace in nddJle distance, and lowcr, rock-cut 
plat[Ori:1S abo','c hr>~.,dl.:ll1d (sec figure 47). 
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it. Flint's elevations are usually underestimated by up to ten feet. 

Often l have also recorded features higher than the highest which he shows 

at a loçality where severa1 features are present. Since a1l elevations in 

this study upon which significant conclusions are based have been fixed 

with an engineer's level from a datum fixed using tide tables, l see little 

possibility of accepting the majority of F1int's measurements. However, 

since Flint (1940) shows about eighty localities (some with more than one 

feature recorded) for which height determinations on marine features 

close1y approximating sea levels were made, it can at least be expected 

that his errors, whatever their magnitude, are systematic. 

l feel the difference of opinion can be resolved if the fol1owing 

points are considered. Firstly, there is little evidence in Flint's data 

upon which a zero isobase on his "Bay of Islands Surface" can be fixed. 

Secondly, the 50-foot isobase on this surface passes througn features on 

the sides of Humber Arm, Bay of Islands, but no features support this line 

on the open Gulf shoreline. Further, in the Bay of Islands, Flint shows 

only one feature at any one site, whereas more than one is usua1ly present, 

both above and below the estimated elevation he shows. Recognition of 

these other features would upset the regulari ty of isobases on his "Bay 

of Islands Surface." Further, in the Bonne Bay area, Flint recognizes 

the profusion of features to be seen there (although he omits some promi

nent ones), but does not justify the choice of features near 100 feet which 

are used to draw the lOO-foot isobase in that area. At Trout River, for 

instance, where Flint shows features at 158, 98-103, 100-108 (these two 

probably being the same feature in two different places), and 60 feet, l 

have levelled features on three sides of this semi-circular cove, and they 
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can be grouped into levels at 195, 180, 157, 130, 115, 105, 85, 75-79, 69, 

47, and 35 feet (Plate VIII and figure 63). The lIS-foot level is the most 

prominent regressional feature, yet F1int's lIS-foot isobase lies eleven 

miles north of Trout River. Finally, some of Flint's data can be accom

modated on a surface sloping up to the northeast, similar to that recon

structed in figure 60. 

The foregoing reconsideration of Flint's reconstruction of a 

tilted plane embracing regressional marine features has pointed to the 

difficulties encountered in accounting for the variation in the elevations 

of these features. Although less attention has been paid to them in this 

study than to the marine limit features, l feel that two tentative con

clusions can be drawn. Firstly, some of the altitudinal variation is due 

to a differential isostatic tilt which has occurred since about Il,800 

years ago, when the most prominent regressional features north of St. 

George' s Bay were formed. This tilt cannot depart significantlyin direc

tion from that tentatively assigned to the hypothetical marine limit plane 

formed at 13,700 years B.P. Secondly, other variations in the elevations 

of regressiona1 marine features are partly attributable to their erratic 

distripution in isolated coves, where conditions favourable for their for

mation prevailed. The possibility of the occasional pre-Wisconsin terrace 

disturbing the pattern must a1so be considered. Particu1arly, at Tea Cove 

on Port au Port Bay, resistant sandstones are planed horizontally for a 

quarter of a mile inland from coasta1 cliffs, and this surface, at about 

45 feet, is over1ain by angular gravels in a sandy matrix. While the 

gravels may weIl be postglacial, it is difficult to assign a postg1acial 

age to this roCk-cut terrace with the rapid rate of postglacial sea level 
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lowering shown in the model for Abrahams Cove (figure 58). 

b. Radiocarbon-dated horizons below the marine lim1t 

Two radiocarbon dates have been obtained on organic material 

below the marine limit in southwestern Newfoundland. Discussion of these 

has been postponed until this stage because no defin1te conclusions could 

be reached earlier as to the relation of the dates determined to the 

elevation from whiCh the materials were recovered. 

A date of 7,340 ± 220 years B.P. (G.S.C.-1145) was obtained for 

plant de tri tus removed from compacted sand at the base of a peat bog at 

Turf Point, St. George's (figure 64). The location of the site, and the 

stratigraphy in the area are shawn in figure 65. The village of St. 

George's lies on an eroded slope of St. George's River Drift till. This 

till overlies red Mississippian sandstones which outcrop in low ledges 

along the shore south of Turf Point. The till slope is marked by faint 

regressional shorelines and loosely consolidated sands overlie the flats 

which represent minor st1l1stands of sea level. Faint terraces at 26, 35, 

and 85 feet have been levelled in this study. The 85-foot level is the 

wave-worn counterpart of a terraced delta surface which is prominent to the 

north and south of St. George's. The deposition of the original deltaic 

wedge was interrupted along the St. George's shoreline because the post

glacial streams, of which Little Barachois Brook and Flat Bay Brook are 

descendants, did not deposit sediments in that area. 

--- - Bog growth along the St. George's shoreline could not have begun 

undl sea level had been lowered below its present stand. The curve of 

relative sea level at Abrahams Cove shows that this took place at Il,800 



Figure 64:. Wave-erodedexposure in peat bog at St. 
George' s. cl4 dating sample from basal sand. Noté 
wave-wasned boulders from under1ying t11!. -

Figure 66: Submerged' baymouth bars 1n1and of modem bar, Stephenv1lle' Pond, Barmon Field. 
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Figure 64: Wave-eroded exposure in peat bog at St. 
George's. Cl4 dating sample from basal sand. Note 
wave-washed boulders from underlying till. 

Figure 66: Submerged baymouth bars inland of modern 
bar, Stephenville Pond, Harmon Field. 



NE 

- -.- : . 
o 1000 '.e' 
L.' __ '--_-', 

N 

t 

'i Il 

Figure 65. Location and stratigraphie position of 
peat bog, St. Georges. 

Delta lerrace 

p.at 

.,av. - washed 

lill lur'ace 

calleclion 
slll 

180 

SW 

'III 

bedrock 



181 

years ago, but also that sea level continued to fall until about 10,000 

years ago. An 800-year period of maximum land emergence was terminated at 

9;200 years B.P., after which sea level began to rise towards its present 

stand. The date of 7,340 years B.P. on the basal material of the St. 

George's bog can merely be interpreted as the date at which bog deposition 

began. The site would have been well-drained following the fall of sea 

level below the modern datum; in fact it would have been increasingly well

drained until the period of maximum emergence. Bog deposition would begin 

when drainage became impeded, and this would have occurred when sea level 

had risen far enough for the water table at St. George's to be near present 

sea level. At 7,340 years B.P., the Abrahams Cove model shows that sea 

level was just above minus 5 metres (about 16 feet below present). That 

bog development can progress on level areas this close to sea level around 

the present shoreline in southwestern Newfoundland is shown by the wide 

expanse of bog that covers Shoal Point, separating East Bay and West Bay, 

Port au Port Bay. There, bog growth of the kind seen at sea level at 

St. George's is active at 20-30 feet ab ove sea level. Therefore, while the 

date on the St. George's bog could not confidently be used in the deriva

tion of a model of sea-level change, the latter provides the basis for 

confidence in the date and the interpretation made of environmental condi

tions. That the bog is presently being eroded by waves indicates that 

conditions favourable to its development once extended further seaward. 

Since the sea floor slopes gently offshore, it is likely that the bog 

thickened seawards and that the exposed section is not the maximum thick

ness. The date obtained at the base may, therefore, not be the earliest 

which could have been obtained from an undisturbed bog in this position. 



182 

A date of 5,760 ± 210 years B.P. (G.S.C.-1203) was obtained on 

shell fragments in sands in a submarine core taken fram West Bay, Port au 

2 Port Bay. The core was taken in Il fathoms (66 feet) of water, and 'the 

sandy zone extends from 210 to 220 cms. below the top of the cores. The 

she11s, therefore, are at an e1evation of minus 70 feet (21 metres). 

Shearer (persona1 communication, 1969) interprets the sandy zone as repre-

senting a period of maximum emergence and, therefore, minimum depth of 

water in West Bay. His calcu1ations of the minimum depth of water in which 

:orbi tal ve10ci ties would be capable of moving sand grains of the size found 

in the she1ly zone led him to the conclusion that a maximum emergence of 

35 to 45 feet had occurred in the bay. This estimate is close to that 

obtained from the curve of sea 1evel change at Abrahams Cove (figure 58). 

However, the date of 5,760 years B.P. is 3,500 years younger than the date 

at which sea 1evel las t s tood near - 35 feet, according to the Abrahams 

Cove sea 1evel curve. Possibly, the shel1s which Shearer recovered have 

been emplaced at a 1evel below that at which the sea stood at the time of 

their death. This might be accounted for as the result of sea-f1oor 

scouring and fi1ling which would be more powerful after maximum emergence. 

Flow-tide currents of eight knots are presently experienced in West Bay. 

c. A Note on Contemporary Sea-Level Movements 

With regard to the most recent history of changing land and sea 

level, little evidence was obtained in this study. The models of land-and 

2. The she1l samp1e was co1lected by J. M. Shearer, Dalhousie 
University, Halifax, in the course of his investigation of the bottom 
sediments of Port au Port Bay. l am gratefu1 to him for a110wing me to 
inc1ude the material in the discussion. 
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sea-1eve1 change, derived in section 1i of this chapter are insufficient1y 

accurate for the last 5,000 years. This is due to the fact that the slow 

rates of uplift and eustatic sea-leve1 change in that interval provide 

only wide time !im1 ta for the determination of the ages of features such 

as bedrock shore p1atforms and coastal bars and. spits. Also, the deta11ed 

form of eustatic sea-level changes is insufficient1y known for the 1ast 
.;, 

5,000 years. Further, the effects of hydroisostatic subsidence have not 

been gauged. 

More positive1y, it can be noted as a conc1uding remark that the 

presence of coastal peat bogs undergoing wave erosion suggests that sea 

1evel is current1y rising in southwestern Newfound1and. Grant (persona! 

communication, 1970) has discovered a small remnant of a drowned forest 

on the south shore of East Bay, Port au Port, at Boswar1os. He tentative1y 

places the dividing !ine between submerging and emerging littorals in 

wes tern Newfound1and near the base of the Great Northern Peninsula of the 

is1and. At Port Harmon, near Stephenvi11e, a series of baymouth bars can 

be seen dec1ining in elevation inland of the modern beach, beneath the 

waters of Stephenvi1le Pond (figure 66). This is a further indication of 

recent submergence. The extension of work on coas tal submergence in the 

~œr1time Provinces (Grant, 1970a) to western Newfoundland is an important 

and enticing topic for future research. 



CHAPTER EIGHT 

A Resume of Glacial Events in Southwestern Newfoundland 

This chapter is designed to present a unified picture of the 

sequence of glacial events which occurred in the later part of the Wis

consin age in southwestern Newfoundland. Some reference is made to recent 

studies in the Maritime Provinces, the results of which are of signficance 

to those obtained here. Also, several outstanding problems are raised 

which are intended as pointers to future research. 

The earliest event for which evidence is available is that in 

which an ice sheet covered the entire area, to an undetermined height 

above the highest summits at 2,500 feet, and to an undetermined distance 

beyond the present shoreline. An hypothetical ice surface profile suggests 

that those summits were covered by less than, and probably much less than, 

1,000 feet of ice. The edge of the Laurentian Channel, 35 to 70 kilometres 

(22-44 miles) offshore and at about 100 fathoms (ca. 200 metres) below sea 

level, can be suggested to have been the western limit of this ice sheet. 

The westerly extent of Newfoundland ice at the glacial maximum 

could be ascertained by bottom sounding techniques which allow tills to 

be distinguished from other sediments. Further, the distinctive petrogra

phy of some western Newfoundland rocks could be traced in the tills which 

doubtless underlie the bottom sediments for some distance offshore. Re

cently, cores taken from the floor of the Laurentian Channel have revealed 

thin, brick-red "till" layers between layers of glacio-marine sediments 

(Connolly, Needham, and Heezen, 1967). The colour and petrography of the 

"tills" was interpreted by these workers as evidence of a derivation from 
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red beds of Permo-carboniferous and Triassic age in the Appalachian-Acadian 

region. Doubt may be expressed as to whether the brick-red layers are in 

fa ct tills or till-like materials dropped from the undersides of floating 

ice masses during the late-glacial marine invasion of the Gulf of St. 

Lawrence (Grant, persona! communication, 1970). It has been suggested in 

this study that the great depth of the Laurentian Channel permitted a more 

rapid marine invasion along its arma than over gently shelving zones in

shore of these. The tentative age of 15,000-11,000 years B.P. which the 

aforementioned authors assigned to the "till" layers prompts the suggestion 

that the materials might be ice-rafted. 

Glacial striae and erratic till boulder provenances in the area 

of Port au Port and St. George's Bays indicate that ice flowed westwards 

and north of westwards at the last glacial maximum from outflow centres 

over the Long Range Mountains. During the easterly retreat of the .margin 

of the iee sheet in the Gulf of St. Lawrence, ice flow directions became 

more variable. This was due to the relatively greater influence of ice 

flow from the Bay of Islands MOuntains, standing at 2,500 feet to the west 

of the 2,000-foot summits of the Long Range Mountains, and to the changing 

orientation of the ice margin in the offshore zone that was induced by 

the calving action of late-glacial sea waters flooding the Gulf, first up 

the deep arms of the Laurentian Channel, later over shallower inshore 

zones, and finally along the fjords. 

During the glacial maximum and its retreat phase, a sheet of mas~ 

sive, compact, lodgement till was deposited beneath the ice sheet. lso

lated pockets of ice-contact stratified debris above the till indicate 

local stagnation along the present shoreline immediately prior to marine 
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over1ap. Both these facies are grouped together as the St. George's River 

Drift. 

There is no evidence in southwes tern Newfound1and, from ice flow 

features, till provenances, or the regional trend of isostatic warping, 

that Labrador ice had any effect on the glaciation of the area. Prest and 

Grant (1969) have argued the case for the dominance of locally nourished 

ice-cap complexes in the glaciation of the western Gulf of St. Lawrence 

and the Maritime Provinces. They viewed the Laurentian Channel as drawing 

down the undoubted1y strong f10w from Labrador southeastwards towards 

Cabot Strait. The same can be argued for western Newfound1and and its off

shore area. Whi1e Labrador ice is not in evidence in southwestern New

foundland, Grant (1970b) has found evidence of ice f10wing vigorous1y from 

Labrador across the northern part of the Great Northern Peninsula of the 

island, prior to a westward ice advance off the Long Range Mountains. The 

sea f100r between Newfoundland and Labrador 1s relat1ve1y shal10w and 

smooth and consequent1y offered no barr1er to southeastward-moving Labrador 

ice. South of Port au Choix, however, Newfound1and ice seems to have 

dominated the f10w into the Gulf because Labrador ice was drawn southwest

wards along the north eas tern arm of the Laurentian Channel, known as 

Esquiman Channe1.OPlate Il. 

The present shoreline of southvestern Newfoundland was first 

overlapped by late-glacial marine waters at about 13,700 years B.P. The 

earlies t date for over1ap comes from the south shore of the sal1ent Port 

au Port peninsula, which lies closest to the Laurentian Channel. However, 

dates of 13,400 years B.P. from Port au Port village, and 13,500 years B.P. 

from the southern extremity of St. George's Bay show that overlap was 
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approximately synchronous aIl around that bay. Port au Port Bay appears 

to have been deglaciated somewhat later, between 13,000 and 12,600 years 
B.P., due to the isolation in the bay of a lobe of lowland ice. The fjord 

val1eys of the Bay of Islands were not ice-free until 12,600 years B.P., 

by which time marine waters had f100ded their entire length. The topo

graphically similar val1eys of Bonne Bay and Trout River Ponds were, by 

ana10gy, a1so deg1aciated at that time. 

The radiocarbon dates presently available for the initiation 

of 1ate-glacial marine overlap in southeastern Canada show that the event 

occurred within a relative1y short time interval (figure 57). The date 
of 13,700 ± 230 years B.P. (G.S.C.-l074) from Abrahams Cove, western New

foundland, is the earliest recorded for the event northeast of the 

Connecticut shore1ine, and that of 12,600 ± 170 years B.P. (G.S.C.-868) 

from Cox's Cove, western Newfoundland, is the second youngest from the 

region. Presently, the northeast coast of New Brunswick, the north coast 
of Newfoundland, and the north shore of the Gulf of St. Lawrence are areas 
fram which no radiocarbon dates are avai1able on the s tart of marine over-

1ap. Dates need.to be co11ected from these areas in order to provide a 
basis for the assessment of the influence of rates of isostatic uplift and 
different dates of ice retreat from the present shoreline upon the progress 
of marine overlap over the entire Atlantic region of Canada. 

At Abrahams Cove, western Newfoundland, the similar dates for 

shells recovered fram the base and from the top of the marine deposits, 

separated vertically by 120 feet, indicate that marine overlap occurred 
instantaneously to depths of over 100 feet. This was possible because the 
area was isostatically depressed beneath a eustatically rising sea level 



• which stood high on the outer edge of the glacier prior to overlap. 
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Rapid 

rebound was causing sea level to fall relative to present, and marine 

limit features were registered against the present shoreline as saon as 

ice cleared a site. Till clasts in shelly basal marine clays attest to 

the presence of drifting bergs seaward of the ice margin during the early 

stage of overlap, while an upward coarsening of deltaic sands and gravels 

indicates a rapid influx of meltwater into the sea from streams draining 

an ice front which s tood on1y a short distance in1and. The deltaic 

sequence is known as the Bay St. George Delta. 

In several coastal cliff sections around St. George's Bay 

deposits of a later glacial event are seen in intimate association with 

the upper part of the Bay St. George Delta sequence. This relationship 

is the result of local resurgences of the ice margin into the sea follow

ing its wastage a short distance in1and of the present shoreline. Between 

the lobate surges, the ice margin merely halted temporarily in its retreat 

into the Mountains surrounding the bay. This interpretation of the glacial 

event which produced the Robinsons Head Drift denies it any regional 

significance in the present landscape. The event is tentatively dated 

at 13,000 years B.P. with the aid of the model of sea level change. At 

this time, fjord valleys further north were still ice-bound, and any 

effect the event May have had in offshore areas outside St. George's Bay 

has been hidden or obliterated by subsequent sea-level rise. 

A slightly later stand of the ice margin is marked by the end 

moraine at the western end of Serpentine Lake and by the fjord-head stand 

of valleys glaciers in the Bay of Islands and Bonne Bay. Following this 

stand, the on1y other definable glacial event in the general retreat into 
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the highlands is marked by prominent cirques that are particularly weIl 

developed around the margins of the Bay of Islands Mountains. 

Upper marine limit features in southwestern Newfoundland stand 

at elevations between 113 and 150 feet around St. George's Bay and on the 

Gulf shore of the Port au Port peninsula. In Port au Port Bay late ice 

prevented the registration of marine features until sea level had been 

drawn àown to about 50-55 feet. In the Bay of Islands the limit stands at 

160 feet, and in the Bonne Bay-Trout River area at 195 feet. While the 

general rise in these elevations along the southwest to northeast trend 

of the coastline indicates a component of isostatic tilt in that direction, 

the radiocarbon dates on the marine limit in differen~ topographie situa-

tions indicate that its variable age has added a complicating effect to 

this pattern. 

No dateable regressional marine features were recorded which 

would have permitted an uplift curve to be derived for any site. However, 

the theoretical considerations of Andrews (1968a) have permitted tentative 

uplift curves to be drawn for a site on an open coast and for another in 

a fjord situation, for both of which an elevation and a date for the 

marine limit are available. These curves, considered with a curve of 

eustatic sea-level rise, enable a trace to be drawn of the position of sea 

level through time relative to its present datum. On this trace, sea level 

at Abrahams Cove was falling at a rate of about nine feet per century in 
, 

the 1,000 years following deglaciation. From its marine limit stand, sea 

level at this site had reached present datum at Il,800 years B.P., and 

continued to fall to about 35 feet below present, a position it occupied 

10,000 to 9,200 years ago. Since the latter time sea level in St. George's 
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Bay has been rising to its present stand. 

The uplift curves also make it possible to estimate the extent 

to which the variation in marine limit elevations is due to their differ

ent ages and to differential warping. The hypothetical elevat10ns of 

features were calculated on the assumption that they had formed at the 

same time as the earlies t of them - the Abrahams Cove feature, 13,700 

years old. These elevations, on an hypothetically synchronous sea-level 

plane, permit the direction of isostat1c warping to be determined. The 

triangle method shows that this warping is up towards the northeast at two 

feet per mile: nearly at right angles to that shown by Flint. (1940). This 

trend most like1y results from the strong influence of a Newfoundland ice 

cap on crus tal depression at the glacial maximum. 

The curves of relative sea-level change are also used to assign 

tentative ages to regressional features, such as the terrace formed pene

contemporaneously with the Robinsons Head Drift glacial event at 13,000 

years B.P. The major regressional features in the Bay of Islands and Bonne 

Bay-Trout River are tentatively assigned an age of Il,800 years B.P., a 

time at which sea level stood at its present level in St. George's Bay. 

Further research is essent1al in Newfoundland and aIl other areas 

around the Gulf of St. Lawrence in order to ascertain directly the regional 

trends of isostatic warping. Isobases can only be drawn on synchronous 

features, and it might be expected that there would be few areas in which 

they were formed at the Sante time because of the local topographic varia

tion on land and offshore areas. If uplift curves with close dating con

trol become available, sites may be compared with respect to the amounts of 

uplift which had occurred at specific dates, and graphical methods can then 



be employed to determine warping trends. Particularly, in Newfoundland 

these s tudies would assist in ascertain1ng the degree to which the 

dimensions of the island ice cap affected glacio-isostatic warping • 

• <. 
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APPENDIX A 

An Illustrated Catalogue of Pleistocene Marine 
Macro-Fauna from Selected Sites in 

Southwestern Newfoundland 
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PLATE XII 

THE LOWER SERPENTINE 

RIVER SECTION 

LEGENO 

l@\I/\ Macgin of bedrack 

\ \ III Free face and tolus slope baundlng margin of 
~ 1750'-2250' plateaus 

ru Hummocky end moraine 

o Ketfle hales, water-filled 

~ Level autwash plain 

---Z Meltwater channel 

ITIIIlJ Fon depasited by post-glacial Rope Cave Brook 

~ Alluvial cane 

.l.Ul.W. Wave-cut bluffs 

§ Marine terroce 

:;:=: Elevaled beach ridges -lJd Coaslal cliffs 

~ 
~ Recent stream channel, with meander traces 

t l~ ~ Soliflue tian lobes on high plateau surfaces 

'141' Elevation levelled ln this study 

? Area unmapped 

IA.e/G w r,,1969-70 
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PLATE XI 

THE HARMON FIELD -PORT AU PORT AREA·,'·····:-:-:<:::>·· 
ST. GEORGE' S BAY 

Surficial Geology and Landforms 
OlMI. 

~----~------~I~----------~I 

I:;;N Margin of bedrock 

~ 8edrock lineaments 

~ St.Gearge's River Drift 

LEGEND 

[2J Smooth, hummocky Robinsons Head Drift 

"/\ /\ 1 rregular, hummocky Robinsons Head Drift 

:::r:r::r End moraine ridge of Robinsons Head Drift 

0-Lù Kettle hole, water-filled and dry, in 
Robinsons Head Drift 

~ Meltwater channel in Robinsons Head Drift 

I.A.B.! H.G., 1969-70 

'W Stream volleys 

1 1 1 1 Boy St. George Delta surface 

§ River terraces 

~ Roised marine cliff 

~ Modern seo cliff 

. E;:Wrid MOcfë-rn mer and beach deposits 

8123S' Bench mark 

~120' Elevation levelled in this study 
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PLATE XII 

THE LOWER SERPENTINE 

RIVER SECTION 

o 

LEGEND 

1/ \ '??J Margin of bedrock 

/ M, 
1 

\ \ 1 Il Free face and tolus slope bounding margin of 
)JJ-LL 1750'- 2250' plateaus 

1-......1 Hummocky end moraine 

c::> Kettle holes, water-filled 

1° 0 00 1 Level outwash plain 

-...::::=!.- Meltwater channel 

DIIIJJ Fon deposited by post-glacial Rope Cove Brook 

~ Alluvial cone 

..1JJ.U.U- Wave-cut bluffs 

§ Marine terrace 

~ Elevoted beach ridges 

~ Coastal cliffs 

:ry;:.: •... ;:;:.: 
~ Recent stream channel, with meander troces 

(. '-:: ~ Solifluction lobes on high plateau surfaces 

-/4/' Elevation levelled in this study 

? Area unmapped 

I.A.B./G.W.F.,/969-70 


